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Foreword

These four technological profiles, on a world iron ores survey
including beneficiation, sintering and pelletizing, iron making, steel
makin~ and steel casting including contimuous casting, have been prepared
for the UNIDO Industrial and Technological Information Bank ( INTIB), which
is a component of the UNIDO prosramme on the development and transfer of
technology.

INTIB is a pilot operation which began in July 1977 for a period of
18 months. During thie pilot phase it is being concentrated on four
industrial sectors: iron and steel, fertilizers, agro-industries, and
agricultural machinery and implements. Each of these sectors has priority
in ¢ther UNIDO endeavours: sectoral studies, consultations, eventual
negotiations and technical assistance projects.

The concept of INTIB has its roots in the Lima Declaration and Plan
of Action, adopted at the Second General Conference of UNIDO in 1975, and
in various United Nations General Assembly resolutions, all envisaging
such a service as a prerequisite to, and an instrument for, the transfer,
development and adaptation of appropriate technologies.

With the targetted expansion of industry in developing countries
from a 7 per cent share of global industrial output at the time of the
Lima Conference to 25 per cent in the yeor 2000 ~ an objective set by
the Conference - adequate information on new investments at the decision-
maker level is crucial. The same is true for those advising the
decision-makers: national industrial information centres, technology
development institutes, investment banks and so on.

The novel character of INTIB, as compared with information services
previously rendered by UNIDO, coneists of addressing itself to the
technology selection process at the stage preceding its acquisition and
operation, and of offering advisory services beyond the provision of
information.

INTIB draws upon services available in the Industrial Information
Section, where it is housed, tut also relies on the expertise of specialist
staff in the Industrial Operations Division and from ocommiseioned experts
for the processing of information material obtained from sources within
and outside UNIDO relevant to the technology selection process. The outcome
of this effort takes the form of information supplied in anticipation of
demand as well as directly solicited by individual request. In advance
of demand is this series of technology profiles and monographs concerning
matters to consider when selecting a technology from a variety of alternatives.
Solicited information consists of replies to specifio inquiries and advioe.

The target users of INTIB include ministries of industry, planning
and industrial development, mlti-purpose technological institutions,
transfer of technology centres and registries, and so on. The listing,
however, is not exhaustive. The intention is to serve all those who can
be identified as having gemine technology-seleotion responsibilities and
problems, whether in an advisory role or deoision-making oapacity, in each
of the four priority industrial seotors selected for this pilot phase.

Further information about INTIB and its related activities can be had
on request by writing to the Chief, Industrial Information Section, UNIDO,
Co-ordinator of INTIB, P.0O. box 707, A-1011 Vienna, Mstria.

These teohnologioal profiles were prepared by Mr. G.P. Mathur, acting
as a oonmltant to UNIDO.
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1. Iron Ore !l'inerals

A large portion of the common ore and rock-forming minerals oon-
tain approciable amounts of iron. But there are only six ironbearing
minerales containing sufficient and appreciable amounts of iron. These
are available in abundant quantities to be potential sources from which
iron may be economically obtained. '‘he six ironbearing mirerals are
as follows with Me content in pure mineral in each case:

i) Hematite Pe 69.95
ii; Magnetite Fe T2.4%
iii) Goethite Fe 62.9%/
iv) Chamosite Fe 427

vS Siderite Fe 48.2)
vi} Pyrite Fe 46.67

The wide variety of conditions under whioh iron is concentrated in

the earth, the physical and chemical nature of these concentrations, their

mineralogical and geological environment and the complex process which

contributed to the concertration of iron in ore deposits, account for pe-

culiar characteristics of sach deposit.



2. "ajor Deposits

The major iron ore producing regions of the world are USSR,
Canada and ‘Yest Indies; USA, "exico and Central America; Soutn
America; ''iddle Last, Asia and the Far Tast; Africa, Turope and
Augiralia and Mew Zealand.

In UCSR, the biggest deposits are in Ukrainian Yepublic (Krivoy
Rog and Kursk magnetic anomaly; which are of i.ake superior type. ‘Iaberg
type of deposits are found in the Uastern slopes of the Urals. Cres of
Magnitnaya type and those of !'inette type are found in Turgay and "“estern
Siberia areas. Large deposits are found in i{azakhstan, Siberia and
Caucasus regions.

Canada and Yeet Indies

The deposits of Canada and 'lest Indicc are located in Appalachian,
Crenville, .abtrador, foutwest and l'orthern (.anada, Cuba and Dominican
Republic. These are yenerally of Lake !.uperinr, ""agnitraya and ‘'aberg
types and mostly contain hematite, magnetite and goethite. fiderite,
pyritec and chamnsites are also sometimes fourd associated.

USA and exico

The impcrtant deposits of %A occur in !"esabi, Guywna, Vernilion,
Fillmore, Gogebic and l.ake Cuperior recions. ‘'hese are mostly of l.ake
Superior t;pe but sometimes Kiruna, ‘aberg, lagnitneya and Clinton types
also occur. ‘'he principal minerals are hematite, magmetite and Sideritae.
The depocrits of Central America and I'exico are generally of Kiruna ard
Magnitnaya types and contain mostly magnetite, hematite and gosthite.

South America

Argentira, Brasil, Chile, Colombia, Peru and Venesuela ars the
countries in this region where iron ore daposits are located. Leposits
in Argentina are of lLake Superior and !'inette types and contain hematite
and magnetite. Bolivian deposits are of Lake Superior type containing
hematite. 'ne Brazilian deposite are mostly of Lake Supericr type
contairing hematite. 'The deposits of Kiruna type are also found when
hematite and magnetite are the principal iron-bearing minerals. The
deposits of Chile are of Kiruna and "agnitnaya types cortaining magnotite
and hemutite as iron minerals. The deposits of Colombia contain eoethite
and are of i'inette tyve. The deposits in Peru are mostly of agnitnaya
type containirg magnevite. Lake ‘uperior type of deposits are found in
Venerzuela containing hematite.

I'iddle -att, Asia and Far ast

Saudi Arabia, Israel, Turrey, Iran, Afghanistan ond 2.kistan
comprising "est Asia, have iror ore cccurrerces. ‘the gepoeits of Laudi
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Arabia are mainly of Lake Superior type and contain mostly hematite
with magnetite mineralication sometimes. “he deposits in Iorael are
of hematite and goethita. The Qurkish deposits are mostly magnetite
and are »f .iagnitraya type. Similar type of deposits occur in Iran.
'he deposits of Afghunistan contain hematite and siderite. i‘agniinaya
type ard “edded type of deposits are found in Pakistan with magnetite
and hematite as principal iron-bearing minerals.

iiddle Asia consti.utes India, Sri Lanka and Yepal. Indian iron
ores are of lake Superior type and also of llassive and 'laberg iypes.
The predomirant iron-bearing mineral is hematite and sometimes goethite
and magnetite. The Sri Lanka deposits are of residual lateritic iype
and mostly contair goethite and somet_mes magnetite. liematite is found
ir Mepal and the deposits are of hedded type.

“he ..astern “sia consits of Burma, Thailand, lLaos, Cambodia, Mortih
Viet-iam, ‘alaysia, Irdonesia, ’hilippines, China, Hong Long, Morth
iorea, South Xorea and Japan. 'the deposits of Burma, Thailand, Laos,
Cambodia, !'orth /iet-"am, '"alaysia, Indoresia and Philippines are
gererall; of “aimitnaya, residual loteritic and bedded iron sand types.
“hece cortain mugnetite, goethite and hematite as iror minerals.
"azretite-herulite wre tne principal iron mirerale of the Chineso
deposits whicn are of .ake Luperior, inctte ard ilagnitnaya types.
whe deporits of ‘orea are mainly I'agnitraya type contairiry mostly
megnetite wnd soretimes hematite. Whe deposits in Japan ure of resi-
duzl bog and hodded iron sand typer contairing magnetite, ti-magnetite,
gnasthite.

Lfrica

Depocite of Africa are of '"irette, Lake Superior, 3ilbao, Taberg
and !'agnitnaya types and mostly contain hermatite-magnetite, hematite-
roathite, hematite-pyrite (ochre, and siderite-goethite.

LUrone

Portugzl hae 'irette type of deposit consisting of hematite and
magnetite ard nometimcs siderite and Chamosite. In tpain, Pilbao
type of depocit is in predomirance with hematite-goethite ae iron
minerals. I rench ores arc of irette type and contain siderite-
goethite. +The cres of nited Yingdom are also of !'inette type but
cortain chamosite-roethite-hematite. ‘he deposits of liorway are of
,ake {uperisr, '‘agmitnaya ard ‘aberg typee containing magnetite-
heratite mireralg. ‘The fwedish ores are of ¥iruna ard Lake Luperior
types contairing magnetite, magretitc-hematite mirerals.

‘ihe ores of Federal iieputlic of Germany are l'inette type,
moctly cortaining hematite-charosite-siderite with occurrerces of
goethite also in some of the areas.

Ores of Austria are of Bilbao type containing mostly siderite.
Ores of Italy and Yugoslavia are mainly of Bilbao, Hinette and |
agnitnaye types with magnetite, siderite, sciderite-chamosite minerals.

o



Lateritic deposits are predominant in Creece with goethite as
the principal economic mineral. Iast Germany and Csechoslovakia have
tinette types of deposits. Poland and hkomania, both have ferruginous
carbonates containing siderite-magnetite-goethite. Bulgarian ores are
of Bilbao type and contain hematite, siderite, goethite and magnetite.

Australia and New Zealand

The Australian deposits are of Lake Superior, Algoma and Clirton
types with henatite, goethite, magnetite, hematite-magnetite-goethite
and magnetite-pyrite minerals.

The deposits in New Zealand are of aluvial and sedimentary nature
and contain magnetite and goethite as the main iron minerals.




3. Production and lieservaes
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Production of iron ore in the different countries ies given
ir ''able 1, ard world distribution of reserves in 1'able 2.

Table 1: Yorld Irer Ore Production
In mi1i1llion tons

Country "

1973 1974 1975 1976
Alseria 3.130 3.792 3.300 3.a2c¢
trgola 6.048 4.980 3.360 3.300
bustralia £3.50t 9¢6. LEL 97.365 92.400
Auctria 4.211 4,246 3.833 3.784
Balgiwn C.116 0.123 0.093 C.C63
Prazil 55,019 19.973 £€,493 10.0C0
Bulgaria 2.714 2.6E4 2.337 2. 300
Canada 46.200 47.2711 44.745 56.00C
Chile 9.65C 1C. 297 11.070 10,500
Chira 50.CC0O 51.000¢ 51.000 50.000
Colombia 0.442 0. 500 0.623 0.600
Czechotlovakia 1.672 1.€E88 1.773 1.850
Denmark 0.012 n.,006 - -
Teypl 3.130 3.7192 3.300 3.2¢0
Finland 0.6¢5 0.934 0.7€6 0.70C
France 5.154 54.730 50.142 45.543
“ast GCermany 0.520 0.250 0.590 0. 500
Yest Germany €.429 5.670 4.273 3.034
Greece 1.042 2.C01 1.965 2.154
Culnea - - - -
Hungary 0.681 0.9595 0. 38€ 0.631
iong Kong 0.151 0.160 0.161 0.037
India 34.426 34.230 40.271 41.400
Iran 0. 600 0.620 0.650 0.650
ltaly 0.675 0.795 0.739 0.643
Japan 1.007 0.780 0.942 ¢.E00
Yorth Korea 8.100 £.100 8.200 6.100
touth Korea 0.467 C.493 0.525 0. 500
Liheria 34.620 36.000C 36. 500 35.000
Luxerbourg 3.762 2.086 2.315 2.C79
l'alaysia 0.516 C.468 0.349 0.300
"auritaria 10.416 11.110 8. 500 £.000
Vexico 5.736 4.902 4.621 3.500
lorocco 0.376 Q.534 0.554 0. 350
'etherlands - - - -
Forway 3.970 3.918 4.064 4.291
Peru £.964 9,563 T.753 T.000
Philippines 2.25€ 1.616 1.352 1.150
Poland 1.413 1.296 1.192 1.1C0
Portugal 0.057 C.024 0.045 0.043




‘Table 1: continued - World Iron Ore Production

In million tons

Country .
1973 1974 1915 1976
lthodesia 0.55 0.5% 0.600 0.600
Romania 3.234 3. 205 3.065 2.300
Sierra Leone 2.400 2.508 2.500 2.400
South Africa 10.955 11.734 11,191 15.664
Spain 6.901 8.613 8.617 7.700

Sudan - - - -
Swagiland 2.148 2.055 2.232 1.932
Sweden 34.727 36.153 30.867 30.526

twitgerland ‘ - - - -
Thailard 0.036 0.036 0.032 0.020
Tunisia 0.811 0.820 0.652 0. 500
/ Turkey 1.861 1.531 1.990 1.000
v.K. 7.105 3.602 4.490 4.583
H T W £8.€00 €5.917 81.351 €1.200
U810 216.104 224.883 232.8C3 239.00C
Venesuela 22,860 26.408 24.104 23.000
Yugoslavia 4.670 5.034 9.239 4.265
YORLD €51.200 £99. 100 695.700 875.300

* ustimated or provisional.
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""he above brief description of wrrld iror ore resources givee
an indication about the varieties of iron ores found. Iach of theee
deposits have thoir own characterietic features, variatinng in iron
oortont, mireralogical assemblage, particle size of iron mincrale
and thoce of associated economic and gangue minerals, etc.

‘“he world over, higher grades of ores are gradually getting
deploted duc to some type or the other of selective mining. Luring
minirg of these high grade ores, low grade ores, which may be present
a8 overburden and capping or occuring in situ along with good grade
ore, get admixed. "his admixture becomes inevitable where leorge scale
mechanisged mining is resorted to.

Thus, in most casee, some kind or the cther beneficiation of the
run-nf-mine ore has to he adopted to ensure an accepted and consistent
quality of iron ore of desired chemistry for iron smelting. Prepared
burder for iror smelting ie of paramaout importance, necesscitating sise
reduction, screening into sige grading and improwing the chemical oom—
position of the ore by employing beneficiation techniques.
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4. Beneficiation methods

Deperding upon the mineralogical and petrological charaoteristics,
different methods of beneficiation are employed to suit a particular
ore. The methods include crushing, grading, siging, washing and wet
screening, gravity treatmert, megnelic separation, froth flotation,
reduction roasting, thickening and drying. 'he overall bereficiation
flowshert may comprise the use of oné or more of the different methods.
The critcria for determining and finalization of treatment flowsheot,
are the coct economics of the process, requirement of the quality of
end product and the possibilities of finding use of waste products;
thece are primarily governed by the mineralogical characteristics of
the ore under study.

The various beneficiation methods are briefly outlined below:

i) Crushing: The ore as mined, is generally of 300-400 mm in
sige. Requirement of sige of ore for use in blast furnaces are that
the ore should be of over 10 mm sige, with the top size of 50 to 30 mm.
Crushing ic done employing jaw and/or gyratory crushers.

For some types of ore, such as the Indian iron ores, wet screening
of crushed ore, has to be adopted due to the sticky nature of the ore
and presence of clayey matter with the mined ore. The ecreen undersize,
namely ~-10 mm fraction is dewatered and elime rejectsd in spiral or rake
claseifier.

ii) Orinding:s In some cases, euch as with magnetite oree and
tacomitee, the ore is ground, either wet or dry in ball and/or rod
mille, with a view to liberating iron-bearing minerals from gangue
minerales.

iii) Washing: Lateritic ores and the orss admixed with aluminous
clayey matter, are scrubbed with water in log-washers, cylindral or
oonical type of washers fitted with lifters, for loosening the adhering
fines. The scrubhed ore is then wet screened on a double-deck wet
vibrating screen to separate clean lumpy ore free from adhered fines
for direct use in blast furnace and free flowing fines for use in sinter
plant.

iv) OCravity methods:

a) Heavy media oceparation: Aqueous suspension of ferro-
silicon or magnetite, finely ground, is used to ceparate hematits,
gosthite or giderite from lighter gangue minerals. The sisze of ore
treated is normally -30 mm + 4 mm. However, finer size can be treated
in heavy media cyclones.

bj Jigging: Hars or Renier types of jigs are ueed for ore
in the sizg range of -25 mm to 0.5 mm.

c) Humphrays' Spiral: The siee range of feed to spiral is
generally -1.5 mm to 0.1 mm. Sometimes specular hematite of ae fine
a nize as €5 paesing 150 microns, hus been succeeefully treated on
epirale. .




d) shaking tables: ‘'he size of feed is almost same as used
for spirals. Tahles are genaerally employed for re-cleaning of fine
gravity rougher concentrates.

e¢) Cyclones: Cyclones are uscd for recovering heevy minerals
from fine gangue particles from slimes.

v) Magnetic Separation:

a)Strongly mugnetic minerals like maignetite are ageparated fronm
non-magnetic minerals employing low irtensity wet m-gnetic separator.
The seperation is often prececded by desliming the feed for better
efficiency.

b) Low intensity dry magnetic scparation: ''his is uced for
pre-concentration of strongly megnetic minerals and for treatment of
beach sands for recovering ilrenite and nther megnetic minerals.

¢, High intensity magnetic separation: ‘his is used for
feebly magnetic minerals like limonite, specularite, goethite, etc,
and can be wet cr dry. In case dry separation it employed, the ground
ore should be almost free from adhering gangue minerals like clays.

vi, Froth flotation: IMlotation is employed for fine groined low
€rade non-mognetic ores such as siderite-hematite ores, and specular
hematitic oree. pH of the flotation pulp cruld he weekly acidic or
alkaline depending upon the minerals to be floated ard reagonte used.
Tall oil, alkyl sulphonates, sodium fluosilicic acid, ligneous tar,
fieh fats, etc. are the common flotation reagents used.

vii} ﬂlectrostatic/high teneinn peparation: 'This method is used
for further upgrading fine gravity concentrates, and halpe in removal
of undesirable minerals like apatite, ricas, hypersthenes, atc. from
iron-tearirg minerals.

viii) TLow tamperature magnetiging roasting: “The method ir employed
for fine preined, non-magnatic or feebly magnetic low grade nres con-
taining hydrated oxides and eometimes siderite. The roasted ore is
then pacsed through magnetic separatorc to ceparate magnetics from
non-magnetic gangue minerals.

ix, Dewatering and drying: Pine corcentrates are thickened in
thickeners, filtered and dried for use. lryingcould he partial de-
pending upon the end use of fine concentrata.
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4.1. Beneficiation Practices in some of the countries

Ores that contain 60-65 per cent iron, are generally considered
of good quality and acceptable for direct use in blast furnace for
emelting. The presence of the total gangue minerals consisting of
oxides of silicon, alu.inium and titanium up to a level of about
t per cent, arc scceptable. Phosphorus and sulphur contents of the
ore, should be as low as possible.

A brief description of beneficiation techniques for the various
types of 1iron nres fourd in different countries, has beer nutlined in
the following pages. 1t may bhe mentioned thet the exact process para-
meters will depend upon the amenahility of ore to upgrading, nature
and characteristics of the corstitue~t minerals, sizes at which
different mirerals are liberated from each other, end-usc of the hene-
ficiated product, etc. 'the description given is, therefore, merely
indicative of the broad process tech iques in each case.

1. Uk

i; Zrown Iror Ore: After crushing vo the required sige,
the ore is scrubtied and wet screoned tc obtain clean sized lumpy ore
and free flowing fines for use in sinter plant or for pelletization.

ii, Oxidized Crec: Generally, after wasghing, the washed lumps
and fines are subjected to gravity methods of beneficiatior namely,
heavy media separation, jigging, liumphrey's spiral treatment and hydro-
sising. GLometimes, flotation is adopted to recover iron values from
fine grained tailings from heavy media circuit.

iii) ‘"econites: The ore, after crushing, is stage-ground
ucing rod and tall mills in closed circuit. After rod milling, the
pulp is passed through wet magnetic ueparator to recover megnetic
iron oxide got liberated in primary grinding. The classifier over-
flow from ball mill circuit ie deslimed in cyclones and cand fraction
subjected to anonic flotation to remove siliceous gangue minerals.

iv) ¢pecularite: After stage grinding jip onen circuit rod mill
and clored circuit secondary ball mill followed/d®sliming, the under-
flow ir subjected to flnatation. The rougher flotation concentrate
aftor regrindirg and hot conditioning, is refloated to yield a final
concentrate analycing 67 Fe.

v) Onlitic Hematite and Calcareous Ore: The run-of-mine ore
aralysirg 36" Fe is grourd to a coaree sise and after hydraulic clas-
sification, treated in heavy media zeparators and jigs to produce high
grade concentrates.

vi; Uomplex ""agnetite, Hamatite and I'artite: fThe ore is stage

. crushed and passed through magnetic separators to recover magnetic iron

oxides. ‘The non-mogretic iron ore is recovered by froth floration after
erinding.
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The orez from Benson mines containing mcgnetite, mertite ard
hematite, are mined selectively ard crushed reparately. ‘'he megnetite
ore is bengficiated by mragraetic sepsration after stage crushing and
Jigeing. ‘the non-magrmetic tailings are further ground fine in Hall
mill and passed through a set .of magmetic separaiors to recover
magretics.

"artite is upgraded in Lumphrey's spiral after size reduction.
"he spiral tuilings are subjected tn flotatior for recovery of nematite
cre,

vi, "ametic ore from Merameo linirg Co.: After stage cruchirg
and masmetic cohbing, the masnetics are grourd ir ball mill and subjected
19 mzgmetie gunaratior,  the mor-magretic portior after deslirmir, i«
flnated for differential scparatior of pyrite, prnsphetes and cpecular
homatite. he sequence of racovery of differe-t minerals 1s - first
x~uthate flnatatior for recnvery of prrite, ther fatty acid fl-totion
for apatite and firally, flntatinn of hematite using sulphonates,

2. {wadenr

i, ‘asnetite Trec: nese types of ores found ir riruna,
almherget, Granreshere are upgraded .y repeated mogretic separciione.
If hematite ig alcn preceri, then the non-magretic tailinge are trected
in jigs shaﬁinb tables for 1ts recovery., The corcintrate eralyse over
€0’ Fe ard are generally fire requiriry ag_lor:rction.

ii} Hematite Cre: ‘ue occ afier coarce cruthing is suhjected
to ctripa process or neavy wedin supniztlon usnirg ferro-silicon as me-
diun for the latter. “he tiner fractiont of ore are treated in shaking
tablec and tumphrey'e spiral.

Loretires flotation is adopted 1o recover asscociated econoric
minerals liko apatite. .mulsified tall oil is the rcagent ured at
a pi of £.) to recover aputite. Hematite is floated after loucring
the p: to ~bout 6+ rhe raw ore emalycing 35 Fe and 0.C2 7, is up-
graded to 69  Fe and C.01 P, 'lhe apatite float analyses 0.3  P.

tkarn ard other types of ore such us those found in Podas, are
first gubjected to dry magnetic seperation at about 20 mm eize, followed
by ball milling =~nd flotation of pyrite. ‘he flotation t&iling ofter
high intensity wet magnetic separation, yicldr magnetite concentrate

separately.
3. Canada

i} opecular iiematites fThese are low grade and friable occuring
in southern parts of Labrador - Cuebec district. Generally, after
autogenous grirdirg, the grourd ore ir treated on gpirals. If, however,
super high grade concertrate is needed, then magmetic seperation and
flotation are sometimes erplo;ed.

For spccular-heratite-mapretite auirtzites of Lae C rol.and rake
'abush rejiors, nwrphrey's gpiral trezireri 1 adopted to produce
corcertrat- s analysing 6(-€6 e,

g 0




-16 -

ii, lematite-Lideritc: ‘'hese nras of Algoia, Jabara and
Cteop ock are subjected to washing, cravity treatment such as heavy
medin seperation (cyclores/drurs) and jigging.

iii; l'agretite: Cres from '"oosc "ountains, !"armora, Cntario,
etc. are concontrated “y low intensity maegnetic sepcration.

4. USGR

Mag¢netite orec are mainly exploited as there are considerahle
reserves of these ores. Resides thig, these ores ure easier to
beneficiate. However, purcly megnetic seperation treatiment becomes
ecoror-ical if the proportion of magnstite in the ore exceeds 7C ?C
and 4inc l-oss of iron in masnetic tailings does not exceed 19-14

‘Phe veneficiation plants at Clenyogorck and Krivoi LKog employing
a chmhination of magnetic seprration, and gravity mcthods such as
spirals, heavy media separation and jigging, treat 20 m.tpy. Hor
flotation, the ore is subsequently ground to a fineness of about 90<%
pastirg through 200 mesh screen.

3. India

Indiar iron ores, though generally of high iron content, are
cheracterised by their high alumina content ard presence of clayey
matter. 'This makes the ore sticky, particularly in rainy seasons
with the result that the ore crushing and hardling plants come to
a stard still durirg the wet veather. All the crushers, bine and
Yunkers, conveyore and chutes, get choked making screere completely
blocked.

1) ‘'he treatment for these types of ores (hematites), is
scrubhirg with water to loosen the clay and then wet ecreening with
powerful jets of water. ''he screen under-size containing almost all
the water and slimy matter, is treated in classifier. 'he clascifier
overflow carries away the slime which is gencrzlly a waste product.
This it sent to water reclamation system. In case the slimes contain
higher percentage of iron values, the slimes are treated in cyclones.
Cyclore underflow after thickening and filtering, is sent to agglo-
meration plant.

The classifier sand portion is then a free-flowing material and
can be used for agglomeration directly or after beneficiation by gra-
vity methods. The washed lumps are clean, free from adhered fines.
Nearly 30-407 of the total silica in the ore is thus elimirated as

slime along with about 20-307 of alumina.

ii) Magnetite-hematite Ores: These ores are found in Kudremukh
and Ongole areas in southem parts of the country. Magnetic separation
after grinding yields a high grade concentrate analysing over 60% Fe.
The non-magnetic tailings containing hematite, are treated in Humphrey's
spirals for its recovery. .

A typical flowsheet for hematitic ores is given in Fig. 1 and that
for a magnetite-hematite ore in Fig. 2.
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Fig. 11+ Typical flowsheet for a hematite ore from India

R.0.M. ore after chrushing to 100 mm sise
Fe, 56; 5i0,, 5.2 A1,0,, 6.5%

Scrubber

Double Deck Wet Vibrating Screen (25 mm and 10 mm)

100 + 25 mm “25mm + 10 mm =10 mm
Fe, 62.33 5i0, 1.4 A1203 3.8 160.4; si0, 1.8; Al,.‘,o3 5.1 Clagsifier
=100 mm + 10 mm =10 mm sand slimes
lumps V
Fe, 61.5; Sioz, 1.6 A1203 4.3 Pe, 57.3; 3102 4.1 .5.1203 6.4 Fe 29; 3102 26.;
A1203 16-‘
Feed for Blast furnace Re ject
Gravity | treatment
L A
Conc. v J’ Tails.
Fe 62.2; £ic, 2.4, A1203 3.8 Fe 47.8 510, 8.0 A1203

1.0
Feed for Sinter plant Reject




Fig. 21 Typical flowsheet for a magnetita-homatite ore from India

R.C.H. ore after cruching and grinding to 65 mesh sise
Pe, 37 10,y 474 lu,‘,()3 0.6 per cent

Low intensity ‘let l'agnetic Separator ¢

l

Nagnetics Non-magnetics

haking gravity ‘'able

Table Concentrate “able tailings
Leject
| "4 , \ 4

Combined Concentrate

Fe, 67.5; 5102 + A1203, 5.5 per cent

.F!od for Hinter Plant

ro
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5. Agrlomeration

"echarized large socale mini-g, orushing and sising, and sub-
ssquent heneficiation in many casee adopted to meet the ever-increasing
exacting derends of iron smelters, necessarily produce large propor-
tiore of fines, sometimes up to X' per cent by weight of the ore mined,
besiden the fines obtained in situ. In the caee of magnetite ores, the
entire concentrate quantity is in the form of fines.

These tines are utilised for ironmaking after esintering or pelle-
tising.




|
|
i
-

5¢1. firterin-~

Yintering plant . in an iron and steol plant acts as a scavenper
of the plant, which makes ureful agglomeraie- ginter, utilising a
wide variety of wastes such as coke breeze, mill scals, flue duct,
blue dust, limestone and 3cl-orite fines. “he procecs hes a great
flexibility to agglomerate raw materials with different physical
provarties and mineralogical compogitions.

Sarlier batch sintering rachines, such as those of Greenawalt
and “midth types, were used. 'hese have been replaced by the con-
tinuous machines of Dwight-!loyd type, of different makes Llike
iurgi, !"rclowell, Huntington-iiaberlein.

The modgrn contiruous sinter plants have large strand areas -
400 to 0 m“, capable of producing 4 to 5 million tons of sinter
per yoar. Introductior of grate-cooling systems for cooling hot
sinter, have helped in raising productivity and reducing solid fuel
consumption as well as maintenance costs to produce good quality,
highly reoxidised, fine grained sinter.




J+2. Pollatirzing

Felletizirg it resorted to where the ore particles zre in very
fire forr: either as bLeneficiuted prodeut or r.aturally sccurrirg mire-
ral like %“lue dust. ‘''he procecs corsicts of two prirecipal steps:
hallir; »rd induratiorn. After srinding the ore, which could he
either wet or ¢ry, in oper or closed circuait with the rill, dewatering
and pariil drpirs, greer geilets of domired size, ore rads uita Lre
additis~ of wuita®le hirder. r2llete cav He muiz ir drusw, dige nr
crve L:ncs of pelletizers, Uhe balling drum requires rmeverate screer-
irg facilities to recirculatz undersized e¢llets Yack irto the bulling
circuit, wneress for pelletizirg dises and cores, seporate gereeriry
is nnt parrally reouired, as sizirg is dore ir durirg the balling
oneratisr znd onl; the d2sired size »f pellels are discrurged.

v

"inders commorly used are bentorite, liwestore ard hydrated lire.

per making pellets of good quality hrvirg adequate greer strer;ih
ard subsequertly strencth of hecat-hordered pellets of good reduci™ilivy,
choice nf type of grird, the cize to vhich the ore sghould be ground ard
the epecific curfzce arca of the ;rourd material, the schedule nf drying
and pre-heating, firirg and enolirg cycles, are the irportart paranetzre
whick ghruld he carefully cortrolled.

is achieved

Irduratior of pellets hy heat/in vertical shaft furnaces, travel-
ling horizenta! grates, grate-kiln combinatiors and circalar-grute
pelletizing system. 1In all of thess, the induration process involves
drying of the green pellats, pre-he=ting to irduvration temperature,
firirg at the required temperaticn, and soaking for a dafinite period
to craante iron oxide and or a cla; bond formation betwcen the grains,
followad by regulated cooling of the product. tirict cortrol of dryirg
and hexting cycles, is important to mairtain product quality ord avoeid
such protlems as spalling, premature rellet breakage, and cluster for-
mation.

Cnld-borded pellets: A development ir recent years has beer the
introductior of cold irduration procesces. (irancold, Cobo @rd several
other procesces have been developed. Special types of cements (which
do not certain sulphur, are uted with the peiletining feed tefors bal-
ling. 'The green balls, sometimec coated with iron eccncentrate fines
to prevent cluster foraation, are allowed to cure and harden for periods
upto 5 weeks. & to 10 per cent of cement is normally required.

In care bonding is achieved by addition of lime, the grecn pelletis
after partial drying are allowod to harden at about 12€°C to 150°C ir a
carbon dinxide atmoephere under pressure.

— e+ &
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5 3. Cost Data

i) lron Age "etalworking International (January and February,
1975) estimate capital costs for installation of a 5 million tons per
annum pelletizing plant in Iran, to be $100 millions; and $111 millions .
for a 6 million tons per annum plant in Japan.

ii) Arthur D. Little Inc. estimate average pellet costs in U.S.A.
to be between $16.6 and £19.3 per short ton of pellets of grade 63.£-64.8 v
per cent Fe. Average ore costs have been computed to be 10.2034 to 0.2688
per short ton unit contained Fe for average ore grade to be 55.4-65.8
per cent Fe.

Sinter has been costed by discounting lump ore costs by 2.0 cents
per short ton unit of contained Fe. Capital investment cost for a -
100 tpd sinter plant has been estimated at 100,000, and for a 1000 tpd
plant, the cost will be approximately $550,000. '
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Pellet Production and Heat-hardeni‘ng

World pellet production in varinus regions using different
indurating systems is given in Table 3.

Table 3: Pellet Production in 1975
in million tons
Morth Latin | iastern | estern |'liddle Africa Austral- Potal
America { America | “urope | .urope Fast asia -ave
Shaft furnace 17.30 1.50 - 1.25 - 0.85 3.¢0 23,90
Travelling grate | 37.65 10.60 21.10 7.43 - 2.00 €.70 €5.4F
Orate Kiln 42.25 - - 7.50 - 2.00 9.65 01,60
l.epol furnace - - - 0.45 - - C.3C .15
Circular grate - 0.75 - - - - - 0.75
Grancold - - - 1.60 - - - 1.60
Total 97.20 12.85 | 21.10 18.23 - 4.85 | 19.85 |174.08
Source: 1. and S.C., Steel GL. 3/I.3,’Add. 1,

The share of the developing countries in 1974 was about 22-23

million tone produced from 14 plants located in 10 countries.

‘ihe

projected production for 1965 in ths world would be 433 million tons,
out of which the share of the developirg countries would be about
165 million tons.

Data pertaining to shaft furnaces, travelling grate and grate-kiln
installations of some pellotising plants, are presented in iables 4, 5,
-and 6 recspectively.
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Sinter vs. Pellet

It ig well known that pellets are usually produced near the source
of iron ore znd sinter is made at the emelting plant. Sinter production
permits a much larger part of the added values to be creditcd to the country
where the ore ic processed into iron and steel than does pellet nanufacture.
Thig cxtra bencfit usually favours the iron- and steclmaker, who therefore
hes a good reason for bias toward the use of sinter over pellets.

“echnically, a good gquality self- or superf{luxed sinter having adsquate
strersth and close-sizing, poscecses sume of somctimes, even superior mectal-
lurgicel. physical and chemical pronertice to that of oxidized rellets. ‘the
choice of zinter or pellets as a burder material in similar circumstancec, is
ucually a metter ~f percoral preference, within constraints over whica the
operator hag little control. Hesides this, the choice is ulso dictated by tho
1 cal cunditions and cheracteristice of the ore.

rellets are largely preferred in 'orth America with a view to utilizing
huge de:~sits ~f teconite. “he concentrates produced are in firely divided
state and are excellent fecd moterial for pclletiaing,

Jepan irnorts huge quantities of high grade lumpy ore and fines. f'he
fireg are sintercd and used ir blast furmaces. dowever, captive pelletizing
plarts ore bheing put up by obe Lteels at their Lakazawa and Nudrhama vorke
based or imported fincs and concentrates. “hig i rcported t~ bo mainly to
avoid nolluticn problems about which there are stringent pollution contvrol
repulatiors.

Phygical farm of Iron Ore Comsumptisn

“arld Production ratioe of eirter-pellets and oig iron ; shown in T'able
1 below, 1ndicate the enormous efforts being made to improve the burden prepuara-
tion,

Table 7: lelation retween productior nf sinter ‘pellets and pig iron.

Country . 19 €0 Iy . 1975 . —-I
Yinter and Pellet/Pig Iron | Sinter and Pellet/Pig Iron
Federal uepublic of | @
Gormrany 0.779 1.202
Aurtria 1.127 1.450
Pelgium 0.337 1.130
Carada c.774 1.380
imited “tates 0.7717 1.246
I'rarce ' 0.448 1.699
iurgary - 1.996
Italy 0.788 1,270
Jenan c.67C 1.3C9
Luxemour: - 2.207
“etharlardg C.T33 1.0c¢4
Polard 1,292 1.2€1
Jnitod Jirgdom 0.39¢ 1.139
Jofofiais - 1.732

f

Lource: .. and ..C. - Steel Gl 313 1Ad. 1,

e = A
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“abkle © srevs the cromiir: petierm of irsr eore remuira-ont, it
rar bhe rasr that ir2 prapsrtinr of gintar feed ir the iror ~rs dermnnd
hac gerer:ll; rzmoined unultered, wherens the shzias logt by lampy ore,
i1n geaved by oellets,

able {3 Chor-ir- osattern of Iror Cpe  sruire-ert

(in por cent’

2ps of Yeod 10¢5 197¢ 106¢ 1055
Lwny) ore 39.4 3.4 z2.0 20.0
Lirter fend 33.C 3.3 46,0 8.0
Pellet 1.€ 1€.3 30.C 32.0

1C0.C 100.C 1C0.C 1C0.7

courcc: Arclarcration “T(M.

ce,

Fip. 3 snows the ;rovth patterr »f soncurntinr of lwpy ore,
girtor end pellete ir diffarert rosiore ~f the vorld. It moy he
veen that sinter concumntier predemi-ntue in reterr ard lesterr
“upape, avd ir Japan. In tie wited !intes ard Narnada, the pattern
wae pimilar until the eerly 10¢7'sc, waer nnllets became the pre-
ferred iror burder materi»l. In latin ierien, lumpy ores »ra ptill
the principal bhurdar raterial, but ginter consumption is aleco steadily
rigirg.
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1. Introduotion:

Pig iron is the intermediate form through which almost all
iron must pass in the manufacture of steel. In addition to this,
it is used in foundries for the manufacture of a wide variety of
iron castings.

Most iron ores may be used to produce pig iron. In current
iron making practice, the definition "iron ore" is applied to any
iron-bearing material that can economically be used at a particular
time and place for the manufacture of pig iron.

A1l the constituents in the ore that are undesired in iron
making, are impurities. However, the mineralogy of iron ores often
does not lend itself to the ready removal of many such impurities
by known ore-treatments methods. It is therefore necessary to
determine the nature and amount of impurities and accordingly to
control the composition of the iron ores in the smelting furnace.
The wide differences in structure and mineral content of ores from
different deposits are responsible for the considerable variation
in the beneficiation methods that have been developed to remove or
to 1limit the impurities. However, some impurities, notably silica,
alumina and lime, play important positive roles in scavenging other
impurities from molten iron. Nevertheless, the ironmaker would prefer
to use highgrade ores containing a minimum of these scavengers and
to add them only as needed, in controlled amounts, or to blend ores
containing known amounts of different impurities.

2. Influence of burden zonstituents:

Iron Ores:

I) Iron compounds: The iron content of ores that are used in
blast furnaces varies widely from about 304 up to 71¥. Hematites are
easier to reduce in iron smelting than magnetites, in spite of the
greater amount of oxygen combined with the iron in hematites.Ores
with a high content of iron silicate minerals have a low degree of
oxidation and are difficult to reduce in the blast furnace. Goethites
and carbonate ores contain combined water and carbon dioxide which are
removed in the upper part of the blast furnaoce.

In order to obtain low fuel consumption in the blast furnace,
the ore should have a high iron content so that a smaller amount of
slag is formed. ' :

I1) Silica: Silica is ore of the most important gangue mineral
in an iron ore. Together with alumina, it is a main constituent of
an aoid slag during the smelting operation. The amount of silica per-
missible in the ore is determined by the proper slag volume, which in
turn, is determined primarily by the sulphur in the charge and,
secondarily, by the necessity of having a slag fluid enough to re-
cover the molten iron.

A decrease of about 1.5% in the silica content of the ore will
produce a drop in slag volume of about 65 kg per ton of pig iron. It
has been estimated that an inorease of 100 kg in the amount of slag
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per ton of pig iron, raises fuel oonsumption by about 40 kg of
ooke per ton of pig iron.

II1) Alumina: The alumina oontent of the slag of a ooke blast
furnace should not be too low. About 10 - 15 per oent of alumina
inoreases the fluidity of basic blast furnace slags and thus makes
it possible to use a higher basicity whioh facilitates the removal
of sulphur.

If the ore is high in alumina, its oontent in slag may be as high
as 25 - 30 per cent. Suoh a slag requires a high temperature in the
furnace to get the right fluidity, and produce high-silicon pig iron
for foundry and Bessemer process as in Indian practioe.

If slags contain 40 - 45 per cent alumina, then these oan be
used for cement or aluminium industries.

In case alumina oontent of the slag is low, desulphurization
is not quite effective, which could be offset to some extent by
raising the magnesia oontent.

IV) Lime; Lime is a dominant oonstituent of a basio slag.
Its function is to form a fluid slag with coke ash, ore gangue and
other burden impurities.

V) Magnesia: Magnesia, the other dominant constituent of slags,
helps in reducing the visoosity of slag due to high alumina content.
Dolomite is generally used in blast furnaces along with limestone.

VI) Manganese oxides: Most of manganese, if present in the ore,
passes into the pig iron, and subsequently, a portion of this finds
its way into the final steel.

VII) Phosphorus: Almost all phosphorus present in the burden
will pass directly through the blast furnace and enter the pig iron.
A high phosphorus content is a drawback, as extra lime is required for
its elimination; thus slag volume and fuel oonsumption are inoreased
and steel output decreased oonsequently.

VIII) Sulphur: Sulphur is oontributed not only by iron ore but
also by limestone and the ooke used in the burden. Exocepting a small
peroentage of sulphur whioh goes out as gas, it is divided between
the slag and metal. Satisfactory removal of sulphur requires a basio
alag low in iron, a high temperature and a large quantity of slag.

The extent of sulphur removal, therefore, depends upon the temperature
of the hearth and the ratio of basio oxides of lime and magnesia to

the acid oxides of silioa and alumina. High silioon in the pig iron

is favourable, and a high manganese oontent is also regarded as an
advantage.

IX) Titanium; In blast furnace smelting, most of the titanium
oxide remains unreduoced in the slag. It is a strongly oarbide forming
element, and the titanium oarbide has a low solubility in molten pig
iron. High titanium oontent give rise to blast furnace operating
diffioulties. However, in electrio mmelting, the operating difficulties



-3 -

are not many and so higher amounts of titanium oan be tolerated.

X) Yanadium; About 70 - 90 per cent of vanadium present in
iron ore passes into the pig iron. If the metal is not high in
silioon or titanium, a large quantity of the oontained vanadium
ocan be oxidized quiokly when refined by the Bessemer practice.

A vanadium-rich slag is poured off for the production of ferro-
vanadium, an important: metallurgiocal agent.

XI) Zino: 1If zinc content inoreases beyond 0.2 per cent,
operating difficulties begin to appear.

XII) Copper:; The entire amount of oopper present in the burden,
will pass into pig iron and ultimately into steel. Small percentages
of copper in steel inoreases its oorrosion resistance. But if its
content inorease beyond 0.3 to 0.4 per oent, rolling difficulties
are encountered.

XIII) Chromium; Chromium content in pig iron is an advantage
used for alloy steels. For ordinary steels, its presence is mainly
a disadvantage.

XIV) Niokel: The entire amount of niokel will go into pig iron
from whioh it cannot be removed by oxidation during steel making
process. In some special oases, small amounts of nickel in steel
may be of advantage in improving mechanioal properties. But in most
instances, its presence is undesirable.

XV) Arsenic: An excess of arsenic oauses oold brittleness i
steel produced from pig iron vontaining arsenio. However, upto 0.15
to 0.25 per cent, is acceptable in ordinary steels, and upto 0.05 to
0.10 per cent in steels for temper hardening.

XVI) Lead: Lead is rare in iron ores. It does not enter pig
iron but damages refractory lining by penetrating into it.

XVII) Tin: The entire amount of tin present in the ore goes
into pig iron and thence into steel. Even in relatively low amounts,
it is harmful in steels in damaging the deep drawing properties and
also causes brittleness. The steels should not oontain more than 0.05
per oent of tin.

3. Morld Iron Ore Produotions

Production of iron ore in some of the countries is given in
Table 1 and world distridbution of ore reserves in Table 2.
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Table 1 ¢ VWorld Iron Ore Produotion
In million tons

Country *

1973 1974 1975 1976
Algeria 3.130 3.792 3.300 3.200
Angoh 60048 4.9&) 30360 3.300
Australia 83.568 96.688 97.365 92.400
Austria 4.211 4.246 3.833 3.78%
Belgium 0.116 0.123 0.093 0.063
Brazil 55.019 79.973 88.493 T0.000
Bulgaria 2.774 2.684 2.337 2.300
Canada 48.200 47.271 44.745 56.000
Chile 9.650 10.297 11.070 10.500
China 50.000 51.000 51.000 50.000
Colombia 0.442 0.500 0.623 0.600
Czechoslovakia 1.672 1.688 1.773 1.850
Denmark 0.012 0.006 - -
Egypt 3.130 3.792 3.300 3.200
Finland 0.885 0.934 0.766 0.700
France 54.754 54.730 50.142 45.543
East (Qermany 0.520 0.250 0.590 0.500
West Germany 6.429 5.670 4.213 3.04
Creece 1 0&2 2.001 1.965 2.154
Guinea - - - -
Hongkong 0.151 0.160 0.161 0.037
India 34.426 4.2 40.2T1 41.400
Iran 0.600 0.620 0.650 0.650
Italy 0.6715 0.795 0.739 0.643
North Xorea 8.100 8.100 8.200 6.100
South Korea 0.467 0.493 0.525 0.500
Liberia “0620 36 «000 36 .SOO 35 000
Luxembourg 3.782 2.686 2.315 2.0719
Malaysia 0.516 0.468 0.349 0. 300
Mauritania 10.416 11.110 Bosm Bom
Nexico 50736 4.902 4.621 305&
Morocco 0.376 0.534 0.554 0.350
Netherland - - - -
Norw\v 3.970 3.918 4.“4 4.291
Peru 8.964 9.563 T7.153 7.000
Philippines 2.256 1.616 1.352 1.150
Poland 1.413 1.296 1.192 1.100
Portugal 0.057 0.024 0.045 0.043
Rhodesia 0.550 0.550 0.600 0.600
Romania 3.234 3.205 3.“5 ZOm
Sierra Leons 2.400 2.508 2.500 2.400
South Africa 10.955 11.7M 11.191 15.684
Sp.in 60901 8.613 8.617 707m
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Table 1 : oontimied - World Iron Ore Production

In million tons

Country 1973 1974 1975 1976"
Sudan - - - -
Swaziland 2.148 2.05% 2.232 1.932
Sweden M. 127 36.153 30.867 30.526
Switzerland ‘ - - - -
Thailand 00036 0.035 00032 0.020
Tunisia 00811 0.820 0.652 O.S(X) ]
Turkey 1.861 1,534 1.990 1.000
U.X. T7.105 3.602 4.490 4.583
UeS.Ae 88.800 85.917 81.351 81.200
U.8.8.Re 216.104 224.883 232,803 219.000
Venezuela 22.880 26.408 24.104 23.000
Yugoslavia 4.670 5.034 5.239 4.265%

WORLD 851.200 899.100 895.700 875. 300

“Estimated or provisional

Source: Metal Bulletin - Sept. 6, 1977
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4. Coke:

Coke for blast furnace consumption must be suffioiently firm
and strong to resist shattering by handling, and orushing by
pressure exerted by the heavy blast furnace-burden. It should be
free of dust and fines, and in pieces not too large for optimum
speed of combustion.

With a good coking coal, these physical properties oan be
controlled only moderately by the ooking process. As the ooal is
heated, it becomes plastic at 350° to 475°C, forming a fused mass
irrespective of its form when oharged into the retort. As bituminous
oozl is heated through this range of temperature, volatile matter
is given off, rapidly at first, then slowly up to about 9500C. The
coals making up a blend, so far as possible, should have about the
same plastic range. Slow heating through the plastic range increases
slightly the hardness of the coke. The size of the lumps of coke
depends largely upon the thiokness of the ooal charge and whether
or not it is heated from one or both sides.

As to the ohemioal oomposition, a good metallurgical coke will
contain very little volatile matter - not over 2 per cent - and 85 to
90 per cent fixed carbon. The remainder is ash, sulphur and phos-
phorus. The phusphorus content, 0.018 to 0.040 per cent for making
Bessemer iron, preferably should be low also for basic iron. Sulphur
varies from 0.6 to 1.5 per cent, but is desired as low as possible
because coke is the chief source of sulphur in the pig iron preduced.
Standard speoifications for foundry coke call for a volatile matter
content of 2 per cent, a maximum sulphur of 1 per cent, a maximum
moisture of 3 per ocent, and a minimum fixed carbon of 86 per cent.

Shatter and tumbler tests are also specified, but no standard for
combustibility has been adoptea. These requirements are controlled
through seleotion of the ooal, which should be low in sulphur, free
from slate or removable refuse, and give and ash which has a moderably
high fusion point in a reduoing atmosphere.

There are three prinoipal kinds of ooke, classified according
to the methods by which they are mamufactured : low, medium and
high temperature coke. All the coke used for metallurgical pur-
poses must be processed in the high ranges of temperature if the
product is to have satisfactory physical properties.

The most desirable blast furnace coke is made from mixtures of
high-volatile and low-volatile coals, pulverized and blended and then
coked in ovens capable heating the mass tc an uniformly high
temperature.

¥amufaoture of metallurgioal cokes

There are basically two methods for mamufacturing metallurgiocal
ocks, known as the (i) Bechive process and the (ii) By-preduct or
Retort prooess.

(1) In the beehive process, air is admitted to the ooking
chamber in controlled amounts for the purpose of burning therein
the volatile products distilled from the coal to generate heat for
further distillatiocn.

(i1) In the modern by-product method, air is sxlcuded from the
ocking chambers, and the necessary heat for distillaticn is supplied
from external combustion of some of the gas recovered from the coking
process. The temperatur f ooking is somewhat lower than in the bee-
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hive ovens. Desides metallurgioal ooke, ocke breess, ooke-oven
ges, tar, ammonium sulphate, ammonia liquor and light oil, are
the principal by-produots. Refining of tar and light oil, yield
s large variety of produots such as benszens, naphtalene, pyrene,
phenol, pyridine, eto., eto.

In order tc reduce envirommental polution, extensive success-
ful studies have been made in U.8.8.R. on dry quenching of hot coke
instead of wet quenching.

The world reserves of ooking ooals are given in Table 3.

.
.
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World Coking Coal Reserves

A. Estimate by Shell 0il

In ‘bilp.ion tons
Country
Hard Coking Coal Soft Coking Coal
U.S.8.R. 166 107
U.8.A. 128 60
China 101 -
Rurope 41 38
Oceania 14 1
Afrioa 12 -
India 1" 1
Japan 1 -
South Amerioa - 1
Rest of the regions 12 1
Total 476 219

B. Estimate by Dasturco
Country In dPillion tons
Latin Amerioca

Brasil 0.15

Mexioo 0.21

Chile 0.07

Colombia 2.10
Asia

China 9.50

India 10.077

Taiwvan 0007
Rest of the regions 407.565

Total

429.732




About 90 per oent of the total world reserve of ooking, exi;t
in relatively a few locations in the world, mainly in the develodped
countries. Developing oountries, other than China, aoccount only for
some 2.3 to 2.5 per oent of the total world reserves.

The estimates of coking ooal requirements in the world are
given in Table 4. The figures foroast have taken into account the
eoonomy of coke being effeoted by improved smelting teohnologies,
like o0il and pulverized ooal injection, oxygen enriohment of the
blast, use of pre-reduced ore, cto.

The figures are from a paper presented by Jack Miller during
UNIDO's Third Inter-regional Symposium on Iron and Steel Industry,
held in Brazil in October 1973.
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Coke production figures for some of the oountries during

1974 are given in Table 5.

Table 5 : Coke Production

In million tons

Country 1974
Argentina 0.660
Australia 4.916
Austria 1.733
Belgium 8.050
Bulgaria 1.308
Chile 0.315
China 28.000
Qolombia 0.510
Csechoslovakia 10.898
mt 00360
FMinland 0.080
Prance 12.282
(erman Dem. Repo 10&9
Federal Rep. of Germany 34.954
Oreece 0.372
Hungary 0.766
India . 8.199
Iran 00“5
Italy 8.566
Japan 45.632
Korea Dem. P. R‘po 20”
Mexico 200’1
Netherlands 2.687
New Zealand -
Norway 0.315
Peru 0.012
Poland 16.929
Portugal 0.196
Romania 1.52%
South Africa 3.600
Southern Rhodesia 0.25%
Spain . 4.243
Sweden 0.481
Turkey 1.241
v.8.8.R. 82.641
U.X. 15.776
UeB.A. 60.487
Tugoslavia : 1.323

World 312.750
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5. Formed Coke:

Attempts to develop new processes for the mamufacture of
artificial solid fuel suitable for metallurgical use, have been
mainly inspired by the desire to use otherwise unsuitable coal-
base materials, and world-wide shortage of good coking coal.
Experiments have been made for the development of a new coking
prooess aimed at obtaining a solid produot similar to metallurgical
coke by means of blends partially or eniirely made up of non-
ooking ooals and named as "formed coke'". Although many processes
have been developed throughout the world, the majority of installed
plunts are based on two main processes:

a) degassification and transformation of the coal into
seni-coke to be briquetted with the aid of a binder; and

b) hot briquetting of coal followed by distillation in
special furnaoes.

The main advantages that oan be achieved with this new
teohnology are:

i) enlargement of the quality range of the coals to be
used

ii) better uniformity in ooke size

iii) extensive automation in the operating plants
ivg better control of pollution problems,

v) continuity in the coking prooess from ooal preparation
up to the final produot.

It is well known that one of the main conditions for lowering
the coke rate and inoreasing productivity of the blast furnace,
is a satisfactory permeability of the burden. The "formed ooke",
with its well balanoed briquettes, is oertainly more suitable than
the oonventional coke for this purpose.

Table 6 shows formed qoke installations, experimental pilot
plant scale as well as on oommeroial scale.



Table 6 : Formed Coke Operational Prooesses

Output End Temperature
Process Country Plant type tons /year Produot r o¢
1. Midland Coal
Products U.K. Commeroial|l 50,000 Domestio 9000
boiler fuel
2. Caumore Canada Commercial| 30,000 | Metallurgi- 900°
cal+Chemical
3. Balfour U.K. Pilot 50,000 | Smokeless | 700° - 900°
domestic
briquettes
4, Otto Germany Pilot 1,000 | Smokeless | 700° - 900°
fuel
5. Humphreys and
Clasgow Australia |Commercial| 60,000 | Metallurgi- 800°
oal founir,
ooke
6. Lurgi Spulgas Indimther# Commercial 380,000 Smokeless 800° max
domestio
briquettes
7. Phurnacite U.X. Commeroial| 1 mill, Smokeless | 600° - 900©
domestic
briquettes
8. National Fuel | U.S.A. Pilot 35,000 | Metallurgi- 850°
Corporation oal
9. HeB.N.P.D.C. France Pilot Netallurgi- 8500
(Soubrier) oal
10. Iniex Belgium Pilot 40,000 | Metallurgi-| 600° - 900°
oal
11. Broken Hill
Proprietary Ausiralia Pilot 40,000 ‘etallurgi-| 550° - 900°
; cal
12. Sohenok Germany/ Pilot Metallurgi- | 600° - 900°
Wenszel UsSA oal and
Peabody Chemioal
13. Pood Machi=~ryl 1V.C.4. Commercial| 70,000 | Metallurgi-| 1000°
Corp. cal
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Table 6 : oontinued — Formed Coke Operational Prooesses

Output End emperature
Process Country Plant typ tons/year | Product ange 9C
14. Lurgi Germany Pilot Metallurgi4 850°
cal
15. B.W.V. Germany Semi- 36,000 Cupola 900°
commercia] Coke
16. Sapoznikow U.S.S.R. Commercia}] 140,000 Metallurgi4 1000°
cal
17. Bergbau Forsch-{ Germany Pilot 42,000 Metallurgiq4 500°
ung Lurgi /BMV oal
18. D.S.M. Holland Commercia] 40 - Smokeless | 600°
80,000 domestic
19. ChPW Poland Commercia} 220,000 Cupola 700°
Coke
20. Suncole U.K. Commercia} 160,000 Domestic | 600°
21. Consolidated U.S.A. Metallurgi4 950°
Coke Co. cal
22. BNV (Bergwerks-| Germany Pilot 40,000 Domestio 650°
verband)

Source : Conti and Sacerdote - 3rd Interregional
Symposium on Iron and Steel Industry,
Braszil 1973.




6. Charocal;

Wherecver oonditicns are favourable, charcoal is used in
smaller size blast furnaoe in place of ooke. Since charoocal is
virtually ash free compared with coke, one of the features of
the operation is the extremely low slag volume produced. It is un-
necessary to use high xsalc limestone beoause silioa must be
added to the burden to make up minimum slag volume. This oan
be obtained hy the use of 1low grade high silica limestones.

Slag volume vary between 150 and 200 kg per ton, and all
clag is tapped with the iron. Slag basicity is usually within
the range 0.9 - 1.0 but sulphur oan be kept at 0.02 per oent
maximum despite low volume. The charcoal produced is screened
to +4mm before being charged to the furnace. The screen under-
size after pulverization is injected though the tuyeres of the
furnaoe.

Charcoal is highly reactive, but it is not strong and oannot
withstand the abrasion of the oharge in a blast furnace of the
usual height. It can therefore be satisfaotorily used in a shorter
and smaller furnaoe of oapacity, say, upto 400 - 500 tons per day.
With a well prepared burden of sinter or pellets, a ooke rate of
750 kg/ton iron should be possible. However, suoh a furnace would
need stoves capable of heating the blast up to 1100°C.

As mentioned above, charcoal for iron smelting in relatively
small blast furnaces, is being used in several developing countries
whioh have a good forest wealth and a forestation programme. In
Brazil, about 3 million tons of pig iron is smelted in small blast
furnaces using charcoal as the reduotant and for heat input. In
western Australia at Wandowie, an iron smelting blast furnace
using oharooal has been in operation for more than two decades. In
India, the Viseshwaria Iron and Steel works at Bhadravati, has an
operating oharcoal blast furnaoe for the past several years. In
Malaysia, at the plant at Malayawata Steel, iron smelting has been
successfully in operation for the last several years using charccal
made from rubber wocd.

- — A



T. Crude Petroleus;

Reserves and produotion of orude petroleum for some of the
countries is given in Table 7.

Table 7 : Reserves and Produoction -Crude Petroleum

oy

Reserves in Produotion in 1974
Country million tons in million tons

Albania 10 2.2
Algeria 4158 48.66
Angola 199 8.7
Argentina k77 21.139
Australia 336 19.595
Austria 25 2.238
Bahrain “ 3. ”3
Bolivia 27 2.112
Brasil 102 8.442
Brunei 267 9.284
Bulgaria 2 0.144
Burma 17 0.888
Canada 965 80.261
Chile 7 1.31
China 2,024 65.000
Colombia 8.6“
congo 127 20455
Cuba - 0.140
Csechoslovakia 3 0.149
Dermark » 0.086
Ecuador 198 8.999
Egypt 386 7.472
Pranoe 1" 1.080
Gabon 90 10.202
Gersan Dem. Rep. 2 0.7%
Germany, FPed. Rep. of 69 6.191
Oreeoce ("] -
Bungary 29 1.997
India 122 T.490
Indonesia 1 ’61‘ 61 979
Iran 9,315 300.852
Iraq 4'124_ 96.940
Israel - 6.040
Italy 83 1.024
Jw 10 00672
Rawait 10,469 128.101
Liuyan Arab Rep. 3,039 73.364
Nalaysia %2 3.844

Nexico 43 29.560
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Table 7 : continued (Reserves and Produotion - Crude Petroleum)

Country Reserves in Produotion in 1974
million tons in million tons
Morocco - 0.024
Netherlands 44 1,461
New Zealand 26 0.163
Nigeria 24655 : 111.578 *
Oman 450 14.488
Pakistan 4 0.432
Peru 112 3.756
Poland 6 0.550
Qatar 120 25.059
Romania 174 14.486
Spain ‘ 14 1,982
Syrian Arab Rep. 402 6.426
Thailand - 0.10
Trinidad and Tobago 92 9.641
Tunisia 69 4.139
Turkey 17 3.4%0
U.8.8.R. 6,607 458,948
United Arab Emirates 34397 81.071
U.X, 1,641 0.87
UsS.Ae 4'629 4320794
Venezuela 2,090 155.803
Yugoslavia 44 3.458
World 15,5” 2,19200&




8. Natural Gas;

Reserves of natural ges and its production in 1974 are
given in Table 8.

Table 8 : Reserves and Production of Natural Gas in 1974

Country Reserves in thousand Production in
million cu.m. million ocu.m.

Afghanistan - 3,200
Albania 12 150
Algeria 2,837 54621
Angola 50 -
Argentina 201 74242
Australia 47 4,360
Austria 14 2,206
Bahrain 51 _ 2,036
Bangladesh - 850
Barbados - 2
Belgium - 63
Bolivia 132 1 ‘7 35
Brasil 26 498
Baounci . 193 ' 54000
Bulgaria 14 180
Burma 8 20
Chile 1 3,400
Colombia 43 14700
Congo 179 19
Cuba - 19
Cszechoslovakia 1) 669
Dermark 20 -
Eouador 116 10
Egypt 142 60
Franoe 155 74628
Gabon 50 46
Cerman Dem. Rep. 96 714732
Germany, Fed. Rep. of 354 19,826
Greece 1 -
Hungary 86 59094
India 68 "7
Indonesia 425 54732
Ireq 718 14300
Israel 1 66
Italy 245 154273
Japan 38 24572
Xuwait 1,080 5¢ 300
Libyan Arab Rep. 800 2,800 .




Table 8 ;: contimued (Reserves and Production of Natural Gas)
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Reserves in thousand

Production in

Country million cu.m. million cu.m.
Malaysia 323 -
Mexioo N 134950
Morocco - 59
Netherlands 2,180 83,703
New Zealand 168 303
Nigeria 1,423 514
Norway 549 -
Oman 68 -
Pakistan 439 4,600
Peru 3 530
Poland 136 54528
Qatar 221 1,050
Romania 193 28,643
Rwanda - 1
Saudi Arabia 14726 3,200
Spain 11 1
Syrian Arad Rep. 76 180
Trinidad and Tobago 92 1,418
Tanisia 82 201
Turkey 1 -
U.8.8.R. 19,816 260,553
United Arab Emirates 768 1,800
U.X. 850 34,718
UeBeA. 6,115 586,531
Venesuela 1,215 11,633
Yugoslavia 42 1,447

World 59,195 142554250
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9. Fluxes:

Limestone a.nd/or dolomite are used as fluxes. The functions of
these fluxes are :

i) to form a fluid slag with the coke ash, orc pangue, and
any other charged impurities, and

ii) to form a slag of such chemical composition that it will
provide a degree of control of the sulphur content of the
pig iron.

Selection of the proper flux for a given process is chiefly a
chemical problem requiring a knowiedge of the composition and
properties of all materials entering the proccss.

Almost all of the slag-forming compounds that enter into a
smelting or refining process may be classed as either 'acids?! or
bases’ by virtue of the fact that they will react with each other
to form compounds which are similar to the salts formed in reactions
taking place in water solutions. Since one of the functions of a
flux is to react chemically with unwanted impurities to form a
fusible slag, it will naturally follow that to remove 'basic! im-
purities, an acid flux will be required and to remove 'acid! com-—
ponents, a 'base'! will be used as the flux.

i) Acid fluxes: Silica (Si0,) is the only substance that is
used as a strictly acid ffux. For this p urpoce 1t is avail-
able as sand, gravel and quartz and alzo ac siliceous iron-
bearing minerals.

ii) Basic fluxes: The chief nati.al basic fluxes are limestone
and dolomite (CaCO, and Ca.Ms.CO, respectively). Either
dolomite or limestone may be uso& as a blast furnace flux,
the proportions of each depending on the other constituents
of the slag and the amount of sulphur that the slag remove.

umina: Although alumina is seldom employed as a flux, it is present
in a large number of raw materials as an impurity and is therefore
present in slag. In slags it may funotion as an acid or as a base,
depending on the conditions. In highly siliceous slags it may form
aluminium silicates while in the presenoce of an excess of a strong
base such as lime, it may form oaloium aluminates.
Fluorspar: For making slags more fusible, neutral substanoe like
fluorspar (CaFp) may be added.

10. MNamufacture of Pig Iron:

Pig iron is the term applied generally tc the metallic product
of the blast furnaoe when it oontains over 90 per cent of iron. This
term is used to distinguish it from blast furnace produots suoh as
‘ferromanganese' and ‘spiegeleisen'! that are made from manganese ore
or mixture of manganese and iron ores, and still other blast furnace
products such as *ferrophosphorus?® and *other ferro-alloyvs®.

Pig iron can be made in the following ways :

1) In blast furnaoe using ooke

2) In blast furnaoe ninz charcoal

3) In eleotric smelting furnaoe

4) 1In cupola by melting steel sorap with excess of carbon.




|

However, most pig iron is made in blast furnace using coke
and only small quantities are made by the other aethods.

10.1 Blast Furnace:

The following different produots are produced in blast
furnace :
i) 1iron for steel making
ii) 4iron for ocastings
1ii) ferro-alloys.

The chemical specifications for the above products are
broadly given in Table 9.
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In the blast furnace prooess, iron-bearing materials like
lumpy iron ore, sinter, pellets, mill scale, open-hearth or .
Bessemer slag, iron and steel acrap, etc., fuel (coke), and
flux (limecstone and/or dolomite) are charged intc the top of
the furnace. Heated air (blast) and in reoent practices, gas,
0il or pulverized coal, are blown from the tuyeres. The blast
air burncs part of the fuel to produce heat for the chemical
reactions involved and for melting the iron while the balance
of the fuel and part of the gas from the combustion remove the
oxygen combineu with the metal.

To produce one ton of pig iron, the following materials,
on an average, are rcquired :

a) Iron ore - about 1.7 tons
b) Coke and other fuels - 500 - 660 kg
c) Fluxes - 250 - 295 kg
d) Sorap - 330 - 340 kg
e) Air - 1.8 - 2,0 tons

Beaides one ton of pig iron produced, nearly 0.2 - 0.4 tons
of slag, 2.5 - 3.5 tons of blast furnaoe gas and about 0.05 tons
of flue dust are also produced.

10.2 Changes in oonventional blast furnace technology:

The depleting world coking coal resources, together with
inoreasing oost of metallurgioal coke, has necessitated conaiderablc
innovations in blast furnace technology in the reoent times. The
sharp rise in daily output capability has been accompanied by a
steady fall in coke consumption per ton of iron. The average coke
consumption has fallen in the U.K. from about 1100 kg to 650 kg per
ton, in the U.S.A. from 940 kg to about 600 kg per ton, and in
Japan from 900 kg to below 400 kg per ton.

Parallel with the improved fuel efficiency leading to reduoed
total coke consumption, there has been realization of the faot that
a part of the ooke can be replaced by hydrooarbon fuel injeoted at
the tuyeres.

The various steps taken to reduce ooke consumption and inorease
metal production are briefly desoribed below :

a) Raw materials

1) Preparation of iron ore: The current modern praotioe is

to use closely sigzed lumpy ore of generally 50 ma to 10 mm sise.
Studies at Nippon Kokan plant have shown that a 1% deorease of
lumps of larger than 35 mm in the burden oorresponds to a decrease
in ooke rate of about 2 kg per ton and a 1% deorease of-6 mm fines .
leads to a deorease in ooke rate of 1 kg per ton. Larger furnaces
in Japan now use -25+8 mm ore..

It is well known that the iron ore used should be of as high
a grade as possible. Experiments in U.8.8.R. have shown that for -
inorease b y 1% Fe in burden, productivity inoreass by 2% and ooke
rate decrease by 3. It has also been estimated that for every 1%




reduction in the alumina content of the ore, the coke and flux
rates decrease by 40 kg and 60 kg per ton respectively and the
oonsequent increase in produotion of pig iron made would be
about 2.0% - 2.5%.

ii) Sinter and its effect: Due to olose sizing of iron
ore and limiting the top size of ore for direct oharging into
the blast furnace, large quantitics of ore fines are generated,
both at mine sites and in iron works. These fines are usefully
utilized after sintering.

In order to derive the maximum possible metallurgioal ad-
vantages by use of sinter in iron making, it should have a
suitable chemical composition, should be self-fluxing or still
better super-fluxed and should have adequate physioal strength
to withstand handling without crumbling into fines. The sinter
should neither have un-sintered particles nor a glassy structure
and should be non-magnetic, that is, the FeO content should be
as low as possible.

The modern blast furnace practice generally use large per-
oentages of sinter in the burden, upto 70% - 80% and in some
oases the burden exolusively consists of fluxed or super-fluxed
sinter. Size of pinter used is generally 50 mm to 5 mm. Practice
in Japan has shown that a 104 inorease in sinter ratio in blast
furnace burden corresponds to a reduotion of ooke rate of about
10 kg per ton and to a production increase of about 2%.

iii) Pelletizing: Pelletizing, the newest of the agglo-
merating prooesses, is being increasingly used in blast furnaces
despite the unquestioned benefits of sinter on blast furnaoe
performanoce. Pelletizing prooess is desirable for agglomeration
of finely divided ore concentrates, blue dust, flue dust and the
like. Fluxed pellets of uniform size and of adequate strength,
orushing as well as tumbler, good porosity and reduoibility and
desirable swelling index, become ideal feed for iron making in
blast furnaoe. The prooess enables use of a very high grade ore
oonoentrate in the form of pellets whioh have advantages almost
equal to those of self-fluxing sinters.

b) Blast-humidity oontrol;

Changes in atmospherio humidity has an effeot on furnace
operation beocause of the endothermio reaction taking place when
stean oomes in oontact with hot ooke. With the modern practioe
of using high blast temperatures, humidity has also to be adjusted
suitably to avoid furnace to hang and operate irregularly. The
higher the hot blast temperature, the higher the moisture content
of the hot blast has to be given to obtain a suitable flame
temperature in the hearth zone.

The use of very high hot-blast temperatures together with
addition of the proper amount of moisture in the blast, has made
it possible to inorease blast furnaoce production rates substantially.
Noisture produces more reducing gas per unit volume than dry air
does. However, the possibility of controlling the flame temperature
at tuyeres to a oertain level by the injection of fuel has almost
eliminated the necessity of steam addition. The temperature of hot

—r— — \-’}
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metal has since been controlled by fuel injection, in modern
practice by the developed oountries like Japan.

c¢) Oxypen enrichment of blast:

Enrichment of blast with oxygen reduces the volume of gas
required at the same daily productivity, anl has therefore an
effect identical to the use of a higher top pressure. However,
if the blast air is cnriched, the flame temperature increases
so that with oxygen contents above 227, moisture or hydro-carbon
fuels must be added to control thc flame temperature. It can
broadly be assumed that for every one per cent of enrichment a
production rate increase of about 3 to 4 per cent can be achieved.
The higher the hot blast tcmperature the smaller the improvement
in production rate for each per ccnt of increase in oxyren content.

In Japan's Nippon Kokan's blast furnace oxygen enrichment was
first tried as early as 1959. It has been established that one
per cent enrichment of oxygen brought about a 5 per cent increase in
production and a slight decrease in coke rate. Nowadays, upto 3.8
per cent enrichment is being adopted.

In a 2000 m3 blast furrace in the Soviet Union, oxygen in the
blast when increased from 26.7 to 34.7 per cent plus natural gas
injection increased from 8.6 to 14.3 per cent, the productivity
increased by 15.3 per cent with lowering of coke rate from 484 to
445 kg per ton of pig iron with coke replacement factor by natural
gas of 0.91 kg/m3 (Nekrasov et al - Stal 'Feb. 1973).

In another practice at Magnitogorsk Combine Blast Furnace,
Babarykin et al report in'Steel in U.S.S.R.' - March 1976, that
with blast containing 25 per cent oxygen and injection of 100-105
m3/ton of natural gas, it was possible to increase daily pig iron
production by 1.8 to 2.2 per cent in the 2014 m3 blast furnace and
a reduction of 2.4 per cent per one per cent of oxygen in coke
consumption. With the actual relation between expenditure on coke,
natural gas and oxygen, the greatest economic benefit was obtained with
oxyeen and natural gas consumption each of 90 m3/ton of pig iron.
It has also been established by the above researches that the
limiting natural gas consumptions for blast oxygen contents of
21, 25%, 30%, 35% and 407 calculated from practical data gre
respectively 20-65, 70-140, 100-210, 130-230 and 150-245 m /ton
of pig iron. When combined blast is being used to obtain a greater
lowering of coke consumption, it is essential to aim for a gas
consumption closer to the upper limits and, if to obtain mainly a
rise in productivity, one closer to the lower limit.

d) Fuel injection:

Fuel injection through the tuyeres is the most important
practice next to raw material preparation in blast furnace operation.
With the development of mcans for obtaining higher hot-blasi tem-
peratures and the need for controlling the flame temperature, it .
became apparent that oold hydro-carbon fuels could be injected into
the blast furnace tuyeres for not only controlling the flame
temperature but also to replace some of the ooke.
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In the presence of large quantities of coke the hydro-
carbon fuels can burn only to carbon monoxide and hydrogen;
consequently they produce less heat than that produced by
the hot coke they replace.As long as a blast furnace has the
gstove capacity for obtaining higher hot blast temperature, or
as long as moisture must be added to the blast to lower the
flame temperature, hydro-carbon fuels can be used to advantage
because their endothermic effect provides a means of controlling
the temperature in the hearth.

Generally when tuyere-injected fuels are used, the moisture
content of the blast must be decreased. Natural gas, coke-oven
gas, fuel oil, pulverized coal, tar and slurries of oil and coal
have been used in this manner.

Fuel injection has the following favourable features

i; Reduction of coke rate

ii) Stabilization of blast-furnace operation and
production increase

iii) Compensation of shortage in coke oven capacity
or saving of coking facilities

iv) Low investment in installing the injection equip-

ment on blast furnace.

For the effective application >f fuel injection, attention
should be given to the following points :

i) Heat compensation capable of keeping the flame
temperature at tuyere within a certain range

ii; Limit of combustion load for individual tuyeres

iii) Changes in permeability, heat exchange, and re-
ducing reactions caused by varying volume of gas
produced per ton of hot metal

ivg Injection method (engineering of atomizing, etc.)

v) Measures to cpoe with unexpected blow-off and other
troubles.

Heat compensation and combustion load are the most important
problems in injecting fuel. Reduction of coke rate brought by the
fuel injection is related to the blast temperature.

According to the operating results of Nippon Kokan's Kawasaki
no.4 blast furnace, the limit of oil injeotion is 30 kg/ton at a
constant humidity, i.e., with a lower limit of 2000°C and an upper
limit of 22009C of the theoretical flame temperature and a blast
temperature of 800°C. With a blast temperature of 11000C, even an
injection of 110 kg/ton is possible.

Limit of the ratio to the amount of oxygen necessary for the
perfect combustion of oil is oonsidered to be 1.1 - 1.2 and this
would result in a limit of oil injection of 110 kg/ton and that of
tar injection of about 90 kg/ton.

In reoent operations of Nippon Kokan's Fukuyama blast furnaoes,
oil injection of about 80 kg/ton was applied in combination with
oxygen enrichment to reduce the ooke rate to about 400 kg/ton. It
was however necessary to keep the theoretical flame temperature at
rather a high level of 2300 - 2400°C. It was found to be possible
to reduoe the ooke rate to 210 kg/%on by injeeting reduoing gas
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made from about 220 kg/ton 0il in an experimental blast
furnace.

Yarosherskii et al report in 'Stcel in U.S.S.R. - June 1976
that injection of coal dust in 700 m3 blast furnace at Donetsk,
shows that with 200 kg of lean coal per ton of pig i. », altered
the productivity and coke rates very substantially. T.e data oo-
tained over a period of one year arc as follows :

Change in productivity with
coal injection - 0.2 per cent
Reduction in coke consumption
- 45.1 kg/ton of iron
Percentual reduction in

coke consumption - 7.5 per cent
Reduction in pig iron
production cost - about $1.3 per ton of
pig iron.

e) High top pressure operation:

One of the limiting factors in attempting to increase the
production rate of a blast furnace is the lifting effect that is
caused by the large volume of gases blowing upward through the
burden. This 1ifting effect prevents the burden from dencending
normally and causes a loss rather than an increase in production.

Tncrease in blast volume for raising blast furnace productivity
reduces the passage time of gas through the furnace, i.e., the re-
action time. This lowers the utilization ratio of gas resuliing in
rise in top temperature and increase in coke rate. Pressure drop
in the furnace also increases. However, if the blast volume is
increased over a certain limit, imbalance of permeability through
the furnace would result in channelling and flooding.

To achieve a uniform ascent of gases and a satisfactory burden
descent, it is necessary to keep the gas-flow velocity within certain
limits. Use of higher gas pressure in the furnace leading to a de-
creased gas volume is very effective measure for this purpose.

Most of the newly constructed furnaces in Japan are operated
with high top pressure. Top pressure has been gradually raised to the
present level of 1.0 - 1.5 kg/cm? and some times up to 2.5 kg/cm?
in bigger blast furnaces.

According to the results of Nippon Kokan's Fukuyama and other
iron producers in Japan, high top pressure operation has the
following effects :

i) Top pressure and permeability : With the increase in top
pressure the permeability index increases proportionately.

ii) Effect on production rate : An increase in top pressure
raises the productivity; a 0.1 kg/cm increase in top pressure
corresponds to an increase of about 1.5 per cent in productivity.

iii) Effect on coke rate : Increase in top pressure reduces
solution loss whereas higher daily productivity results in an
increased solution loss but the overall effect is a slight reduction
in the noke rate.

iv) Decrease in dust loss : A higher top pressure leads to a
better permeability and therefore reduces the number of slips.




Higher top pressure slows down the top gas velooity, thus
reducing the dust lost.

£) Pre-rcduced burden:

It has been established by the performance data of blast
furnaces that coke consumption reduces and productivity increcases
when pre-reduced burden is used as shown in Figures 1 and 2 resp.

Pig. 1. Coke consumption vs. pre-reduced burden.
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g) Large Capacitv Blast Furnaces

Stecl making in integrated iron and steel works has been
changed from the open-hearth furnace process to the converter
process. The high efficiency of the latter process and the ex-
pansion of unit capacitv of rolling facilities have brought about
the most economical annual production unit of iron works. To cope
up with this trend towards larger facilities and the increasing
demand for hot metal from convertiers, there is a strict requirement
for a stable supply of large quantities of low cost hot metal to be
produced in blast furnaces having increased capacities.

Comprehcnsive data on factors in operation of larger capacity
blact furnace indicate that the production cost of hot metal is
lowered. This advantape, though pronounced upto an inner volume of
2500 m~, becomes less over the limit of about 4000 m3 as has been
studied by the Japanese Iron and Steel makers.

In deciding the size of a blast furnace, the properties of
raw materials should be seriously taken into account. The require~

ments on thce burden size and and the strength have recently beoome
more and more stringent.

The blast furnace capacity is increased by enlarging the hearth
diameter and other cross-scctional sizes, but not raising the furnace
height ton much. The top pressure for a larger capacity blast fur-
nace is also proportionately increased.

Althouch the operating costs for a larger size blast furnace
are higher than for a smaller size furnace, the investment costs are
lower in the former case. The overall operating and investment costs
are lower than those for smaller size blast furnace. In a larger blast
furnace, the solution loss is higher because furnace height is not
large enough in relation to the increase in inner volume acid hence
the descent time for the burden is shortened. The labour cost is reduced
with the increase in furnace capacity, but the operating cost of the
blower increases acoordingly as high top pressure operation is applied
for a stable operation. Since the increase in blower operating cost
exceeds the decrease in labour cost, the overall operation costs tend
to be higher with the increase in furnace capacity.

The construction cost per ton of iron is inversely proportional
to a third power of the inner volume. This results in the dccrease in
unit depreciation cost, interest on capital and running cost.

The above aspects are diagramatically shown in Fig.3.
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Pig. 3. Inner volume of dblast furnace and running and
_ j_gveat_ment_costs (source : UNIDO - ID/WG.146/2%) . . . .
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The Industrial Environmental Research Laboratory of the
U.S. Envirommental Proteotion Agency in a study (EPA-600/7-76-03c,
December 1976) has estimated the investment and running costs of a
few sizes of blast furnaces in U.S.A. using oxidized and metallized
pellets. These figures are given in Tables 10, 11, 12 and 13.

Fig.5 shows the relationship between cost of iron making and
sulphur in iron produced.

Pig. 5. Relationship between cost of iron making and Sulphur

in iron.
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Table 10 : Cost Struoture in New Blast Furnace Pacilities

Annual Design Capaoitys: 1.22 x 106 tons of hot metal

Capital Investment: $90 million

Loocation: Qreat Lakes

Units Used i

Costing or Units Con-
Annual Cost sumed per Ton| $/Ton of
Basis $/Unit | of Product Produot
Yariable Costs
Raw Materials
Pellets Btu 0.45 84.7 38.11
Limestone ton 5.00 0.25 1.25
Energy (Details on Table B)
Purchased Coke ton 90.25 0.53 47.85
Electric Power Purchased kwh 0.016 25.00 0.40
Energy Credits (Specify form)
Blast Furnace 108 Btu 2.0 3.8 (7.60)
Water
Cooling (Ciroulating rate) 103 gal 0.05 1 0.55
Labor (Wages) (1) man-hr 7.00 0.15 1.05
Direot Supervisory Wages (=) 15% labor 0.16
Maintenance Labor and Material 5% CI 3.69
Labor Overhead 35% (1+s) 0.42
Miso.Variable Costs/Credits (a) ’
Slag Sampling - 0.25
Scrap Credit ton 80.00 0.01 (0.80)
TOTAL VARIABLE COSTS 85.33
Fixed Costs
Plant Overhead 65% (1+8) 0.79
Local Taxes and Insurance 2% c1 1.48
Depreciation 18 Years 4.06
TOTAL PRODUCTION COSTS 86.21
204 C1 14.76

Return on Investment (pretu)]

TOTAL

106.42
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Table 11 ¢ Cost Structure in New Blast Purnace

Annual Design Capacity: 2.6 x 10 tons hot metal
Capital Investment (CI): $156 million
Location: Creat Lakes

Units Used in ’
Costing or Units Con-
Annual Cost sumed per Ton| $/Ton of
Basis $/unit| of Product Produot .
Variable Costs
Raw Materials ( a)

Pellets 1tu 2 0.45 84.7 38.11

Limestone ton 5.00 0.332 1.66
Energy

Purchased Coke ton 90.0 0.53 47.70

Electrical Power Purchase kwh o.o1T 25 0.40
Energy Credits

Blast Furnace Gas 106 Btu 2.0 3.8 (7.60)
Water

Process (Consumption)

Cooling (Circulating Rate 103 gal 0.05 11 0.55
Direct Operating Labor (Wages)L man-hr 7.00 0.10 0.70
Direct Supervisory Wages + 154 labor 0.11
Naintenance Labor and Mat'l.S 5% Inv. 3.00
Labor Overhead 35% L+S | 0.28
Nisc.Variable Costs/Credits

slag sampling 0.25

scrap credit ton 80.00 0.01 (0.80)
TOTAL VARIABLE COSTS 84.3
Fixed Costs
Plant Overhead 65% 148 0.53
Local Taxes and Insurance 24 Inv. 1,20 -
Depreciation 5.55% 3.3)
TOTAL PRODUCTION COSTS 89.42
Return on Investment (pretax)  20% CI 12.00
Pollution Control 4.57

TOTAL 105.99

(‘)1on¢ ton unit - 22.4 1b of coal contained Pe.
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Table 12: Cost Structure in New Blast Furnaoce
(Reduced Ccke Rate)

Annual Design Capacity: 2.6 x 106 tone hot metal
Capital Investment (CI): $152 million

Location: Creat Lakes

Units Used in Units Con-
Costing or sumed per
Annual Cost ton of $/fen of
Basis $/Unit | Product Preduct
Variable Costs
Raw Materials
Pellets 1tu 0.45 84.7 18.11
Limestone ton 5.00 0.225 1.12
Energy
Purohased Ccke ten 90.00 0.515 46.35
Electric Power Purchased kwh 0.016 0.18
Energy Credits 6
Blast Furnace Gas 10° Btu 2.00 3.69 (7.38)
Water
Cocling (Circulating Rate 103 gal 0.05 10.6 0.53
Direot Operating Labor
(Wages) L Man-hr 7.00 0.10 0.70
Direct Supervisory Wages + 15% Labor 0.11
Maintenance Labor 8
Maintenance Materials and
Supplies 54 Inv. 2,92
Labor Overhead (a) 35% L+3 0.28
a
'“!YAX‘SHRBH ngosts/Credits 0.25
Scrap Credit ton 80.00 0.01 (0.80)
Total Variable Costs 82.57
Pixed Costs
Plant Overhead 65% (143) 0.53
Local Taxes and Insurance 2% Inv. 1.17
Depreciation 18 years 3.25
TOTAL PRODUCTION COSTS 87.52
Return on Investment (pretax) 20% CI 11.70
Pollution Control 4,06
TOTAL 103.28

(')1ong ton unit = 22.4 1bs of contained Fe.



Table 13 3 Cost Structure in New Sponge Iron (93% Metallised)
Facilities
Anmual Design Capaoity: 1'2006000 tons
Capital Investment: $168 x 10
Location: Great Lakes
Units Used in Units Con-
Costing or sumed per
Annual Cost Ton of $/Ton of
Basis $/unit Produot Produot
Yariable Costs
Raw Materials
Pellets 1tu 0.45 8.5 38.25
Limestone ton 5.00 0.140 0.70
Energy (Details on Table B)
Purohased Fuel 105 Btu 2.00
coal tog 25.00 00625 15.62
Purchased Stean 10° Btu 3.00
Electric Power Purchased kWh 0.018 56.0 0.90
Misoc.
Water
Prooess (Consumption) 103 gal 0.50
Cooling (Circulating Rate) | 103 gal 0.05 4 0.20
Direct Operating Labor (Wages)(L)
man-hr 7.00 0.20 1.40
Direot Supervisory Wages (S) | L 154 L 0.21
Maintenanoe Materials and
Supplies 4% c1 _ 5.60
Labor Overhead 35% (1+8) 0.56
TOTAL VARIABLE COSTS 63.44
Pixed Costs
Plant Overhead 65% (148) 1.05
Local Taxes and Insurance 24 C1 2.80
Depreciation 18 Years 7.84
POTAL PRODUCTION COSTS 35.83
Return on Investment (pretax)] 20% CI 28.00
TOTAL 102.88
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Table 14 gives a list of some of the larger sise blast furnaces
in the world. .

Blast furnaces planned or under construction in different countries
are listed in Table 15, Those furnaces which have heen commissioned re-
cently (sinoe January 1974) are given in Table 16.

The operating data of some of the larger blast furnaces in Japan
and Soviet Union are presented in Tables 17 and 18 respectively.

Table 19 gives technical data of a recently commissioned blast
furnace at the Linz Works of Voest Alpine A.0., Austria.
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Table 14 : Large Blast Purnaoes in the World

Blowing

in Country Works No. Hearth Inner_Volume
Dia.m. .3
1964 Japan Nagoya 1 9.8 2021
1965 Japan Chidba 5 10.0 2142
1965 U.S.S.R. Zidanov 4 10.3 2300
1966 Japan Fukuyama 1 9.8 2004
1967 Japan Wakayama 4 11.0 2535
1967 Japan Mizushima 1 10.0 2156
1967 Japan Nagoya 2 10.3 2166
1967 Japan Sakai 2 11.2 2620
1967 U.S.S.R. Krivot Rog 8 11.0 2700
1967 Netherlands Ijmuiden 6 10.0 2150
1968 Japan Fuluyama 2 11.2 2626
1968 France Dunkirk 3 10.2 2100
1968 Japan Kimitu 1 11.5 2705
1969 Japan Mizushima 2 1.5 2857
1969 Japan Wakayama 5 11.0 2630
1969 Japan Nagoya 3 1.7 2924
1969 U.S.8.R. Cherepovets 4 11.0 2700
1969 Japan Tobata 3 10.5 2338
1969 Japan Mukuyana 3 1.8 3016
1969 Japan Kimitu 2 11.6 2884
1969 U.8.3.R. Nizhnij Tagil 6 11.0 2700
1969 U.S.A. Burns Hardbor 1 10.6 2427
1969 Japan Wakayama 2 10.0 2147
1969 Italy - Taranto 3 10.6 2475
1970 U.8.8.R. W. Siberian 2 1.0 2700
1970 Japan Hirobata 4 11.0 2548
1970 W. Germany Ruhrort 6 1.0 2226
1970 Japan Xakogawa 1 11.6 2847
1970 Japan Nizushima 3 12.4 3363
1971 Japan Kashima 1 12.4 3159
1971 U.8.8.R. W. Siberian 3 3000
1971 U.S.8.R. Karaganda 2 11.0 2700
1971 Japan Pukuyama 4 13.8 4197
1971 Japan Kimitu 3 13.4 4063
1972 Japan Oita 1 14.0 4158
1973 Japan Mukuyama 5 4600
1976 U.S.5.R. Krivoi Ro‘ 9 1407 m
1976 Japan Kashima k) 5050
1976 Japan Oika 2 5070
*U.8.8.R. Krivoi Rog 15.1 5500

Sunder construotion
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Table 15 : BF planned or under Construction

Volume Capacit
Country/Company, Works Date No. m3 m. t/y
Algeria
SNS, El-Had jar 2 2000
Argentina -
Propulsora, Ensenada 182
Austria
Voest-Alpine, Linz 1976 2400 1.8
Belgium
Sidmar, Gent 3 3.7
Brazil
Barra Mansa 3 0.13
Cosipa Puacaguera 1975 2 2500 1.3
CSN, Volta Redonda 1976 3 3200
Cia. Sid. Tubarao 1977 1 4500
Canada
Stelco, Nanticoke 1977 1
Colombia
Colar, Bogot4 1975/76 2 0.04
Egypt
Egyptian Iron + Steel,
Helwan 1375 4 1033 0.65
Finland
Rantaruukki, Raahe 1975 2
West Cermany
Krupp, Rheinhausen 1976 1.8
Peine-Salzgitter, Salzgitter 1.8
Italy
Piombino 1977 4
Japan
NKKX, Ohgishima (Keihin) 1976 1
Kawasaki, Chiba 1976 /11 6 4500 3.6
Kobe, Kakogawa 1976/11 3
Amagasaki k) 4500
Nippon Steel, Oita 1975 2 5000
Kimitsu 4
Tobata 5
Nagoya 1 4000
Sumitomo, Kashima 1976 3 5000 4.0
South Korea "
Pohang 1976 2 2254 1.48
Nexico
Sicartsa, Las Truchas 1976 1 17¢C0 1.4
Ahmsa, Nonclova 1976 5 1.6
Poland
Huta Centrum, Kotowice 1976 1 3200
Lenin, Nowa Huta 1976 /17 6 2000




Table 15 s continued

Vcluge Capacit
uy

Country/Compar\y, Works Date No. sy 4

South Africa
Isoor, Vanderbi jlpark D
Newcastle 1976 2060 1.64
Iscor+Partn: rs,
Saldanha Bay 182

Sweden
Norrbotten, Tulea 182 3000 2

Spain
AlM, Sagunto 182

Turkey
Eregli 1975 2
Iskenderum 1975 1 1386 0.55

U.K.
BSC, Redcar 1 4573 3.65

U.S.A.
Inland, Indiana Harbor 1978 4000+
National, Portage 1976 1 3680 1.80
U.S.Steel, Fairfield

U.S.3.R.
Chereporets
Karaganda
Novo-Lipetsk 1976
West Siberian
Krivoi Rog 1

Yugoslavia
Saederovo 1980

5000 5.0
5000+

(R _W- Y- AV

N

1386
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Table 16 : Recently oommissioned Blast Furnaces

(January 1974)
No. of Hearth Volyme Capacit
Country/Company, Works furnaoe dia.m. -gl 1000 t/y
Argentina
Somisa, San Nicolas 2 9.753 4500 1300
Altos Horros Zapla,
Palpala 5 5.2 200
Brazil
Usiminas, Belo Horizonte 3 1.5 2700 2160
Canada
Algoma, Sault Ste. Marie 7 1.7 1800
Egypt
Egyptian Iron + Steel,
Helwan 3 1033 650
France :
Solmer, Fos 1 10.1 1910 1440
West Germany
Dillinger, Dillingen 4 10 1790 1000 (later
1400-1600)
Duisburger Kupferhtitte,
Duisburg 5.5 660 200
Ttaly
Italsider, Taranto 5 14 3358 3500
Sweden
Surahammar, Spannarhyttan 1 5.5 455 220
U.K.
BSC, Llanwern 3 1.2 2289 1800
U.8.A.
Bethlehem, Sparrows Point L 13.716 3681 2680
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Table 17 : Operating Results of Fukuyama, Japan,
Blast Furnaces

1 BF 2 BF 3 B8P 4 BF
Blowing in Aug. 1966 Feb.1968 Jul.1969| Apr.1971
Inner volume, m3 2004 2626 3016 4197
Hearth dia., m 9.8 11.2 11.8 13.8
Production, t/d 4639 6064 6834 10,017
Productivity, t/d/m3 2,32 2.31 2.27 2.39
Coke rate, kg/t 469 469 465 437
Oilrate, kg/t 34 26 40 52
Fuelrate, kg/t 503 495 505 489
Sinterrate, % 70 64 76 80
Slag volume, kg/t 253 260 274 290
Blast volume, Nm3/nin 4073 5309 5842 7722
Blast pressure, kg/om? 2.24 2.61 2.93 3.61
Top pressure, kg/cm? 0.59 0.99 1.36 2.10
Blast temp., °C 1112 1146 1159 1200
02 enrichment, % 0 0 0.6 1.4
8i% in pig 0.71 0.69 0.66 0.71
8% in pig 0.038 0.037 0.038 0.032
Ca0/Si02 in slag 1.23 1.17 1.16 1.13
Coke ash, ¢ 9.2 9.1 10.6 10.5
Drua index 92.4 93.2 91.8 92.0
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Table '8 : Data on new Blast Furnaces in U.S.S.R.

5000 m3 BF 5500 m3 BP

Inner volume, n3 5000 5500
Hearth dia., m 14.7 15.1
Useful height, m 33.5 3.3
Daily production, t 12,900 14,000
Burden, kg/t pig iron

Sinter 1,000 837

Pellets 680 810

Coke (dry) 375 3710
Energy resources, m3/t pig iron

Blast (incl. 6% losses) 830 820

incl. process oxygen 158 156

natural gas (incl. 3% losses) 149 147
Blast volume m3/min 7500 8000
Blast temperature, °C 1400 1400
Yield of smelting products, kg/t
pig iron

Slag 325 290

Top gas, m3/t 1380 1370

Flue dust 25 25
Manganese in pig iron, % 1.2 1.2
Sulphur in pig iron, % 0.035 0.020
Top gas calorifio value, koal/m3 1190 1180
Top gas pressure, atm. 2.5 2.5
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Table 19 ¢ Technical Data - Linz Blast Murnace

Hearth diameter

Total volume

Utilizable volume

Maximum furnace gas pressure
Maximum hot air temperature
Maximum air quantity
Tuyeres

Pig iron taps

Slag taps

Daily pig iron output

Ccke oonsumption per day
Burden rate per day

M=

3,055 m3
2,504 n3

2.5 atm. gauge
1350°¢
360,000 N3 per hour
28

3

1

5,500 tons
2,300 tons
9,500 tons
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10.3 Electric Iron Making Practices

It

was at the end of the last century that the first eleotrio

furnaces were built for smelting iron ore and producing liquid metal.
Researohes were carried out on three different types of furnaces :

R
ii
1ii)

the open-bath aro furnaoe
the electric shaft furnaoce
the low-shaft or submerged aro furnace.

‘A brief description of the above types of furnaces is as follows :

i)

i)

i1i)

Open-bath arc furnace :

Tn these furnaces the electrode is in contact with the slag,
but it is not immersed in the solid charge. This type of fur-
nace is being used at the Quebec Iron and Titanium Corporation
plant at Sorel, P.Q., Canada, for melting of ilmenite with
selective reduction of iron and production of a low-carbon hot
metal and titaniferous slag. It is also used by the Stratcgic
Materials Corporation forming a part of the Strategio-Udy
prooess.

Electric shaft furnace :

This type of furnaces built and operated at Domnarvet and
Trollhattan, Sweden, and Aoste, Italy, gave no better operating
results that the open—bath or the submerged arc furnaces and hence
were finally abandoned. There was not enough gas to pre-heat the
charge in the shaft and so indirect reduction of iron nxides by
the gas was impossible.

Submerged arc furnaces :
This type of furnace is an intermediate type between the shaft
and the open-bath furnaces. One of the first suoh furnaces was
construoted by Heroult and used at Sault Sainte Marie, Canada.
Later the submerged arc furnace was industrially developed by
Tysland and Hole, Norway.

There are about 100 eleotrio iron making furnaces with a
total oapacity of the order of 3 to 4 million tons per year of
pig iron. Since the first 600 kw Tysland-Hole furnaces ai Fiskaa
and Christiana Spigerverk in Norway, the Eleotrokenisk firm has
built a number of larger furnaces.

In Norway, four furnaces of 20 - 25 MW of Tysland-Hole type
in Moi Rana and one unit of same size in Svelgen are in operation.
The larger installations in different countries are given in
Table 20.




Table 20 : Tysland-Hole Furnaces

Country No. of furnaces W
Canada 1 10
Finland 1 10
India 2 20
Israel 2 29
Italy 13 102.5
Japan 2 13
Norway 6 108
Peru 2 20
Phillippines 2 20
Portugal 1 10
Spain 1 6.5
Sweden 6 54
Switzerland 1 8.5
Yenezuela 9 180
Yugoslavia k] 3o
52 630.5

The Japanese steel works have independently developed eleotric pig
iron smelting furnaces based on relatively small open furnaces of 1 %o
10 NW oapacities. Most of the units in operation smelt the looally avail-
able beach mand oonoentrates.

Including the Japanese furnaces and also the smaller open type of
furnaces, the total smelting capacity is estimated at approximately
1000 MW produocing 3 to 4 million tons of pig iron anmually.

Consumption of elatrical energy has averaged about 2200 kwh per ton
of pig iron produced and electrode paste oonsumption between 8 and 15
kg/ton. About 1500 kg of sintered ore and 400 - 430 kg of ocke are generally
consumed to yield one ton of pig iron.

10.4 Pre-reduced Iron Ore Pellets for Smelting:

In the field of direot reduotion proocesses a olear distinoction
exists between
(a) pre-reduced material for iron smelting in blast furnace or
electrio furnace or
(b) sponge iron for direot steel making in electrio furnace.
In the former oase the endproduct is pig iron.

A brief review of the use of pre-reduced material for pig iron
making is made in the following lines :

S8ince oonsiderable pre-reduction takes place in the shaft of the
blast furnace itself, the advantages of using a pre-reduced charge are
not quite significant in blast furnace.
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On the other hand use of pre-reduced oharge for eleoctric
smelting results in substantial economy in consumption of coke,
electrical power and fluxes. The productivity also tends to improve
with the use of pre-reduced charge. The extent of improvements de-
pends upon the degree of metallization of the pre-reduoced iron ore.

Of the large number of processes for pre-reduction and sponge
making the following are the most promising ones :

i) Selid reductants :
External heating - (a; Echeverria
zb Kinglor Metor
Internal heating - (a) Krupp
(v) sL/RN

1i) Gaseous reductants :
Shaft furnace

(a) Midrex (gas recyecling)
gb Purofer (gas recycling)
¢) Armco (no gas recycling)
Fixed bed - HyL
Fluidized bed - (a) HIB (under pressure)

b; FIOR (under pressure)

c) Novalfer (without pressure)

The prccesses in commercial produoticn are briefly as fcllows :

ot kiln process: This process uses non-coking cnals as the re-

ducing agent and is a continous one. It is advantaseous tc thoge countries
where coal is available in abnndance along with gocd quality iron ore. Both,
high grade lumpy iron cre or high grad- pellets can be utilized.

Midrex process : This process “ses a continous shaft furnace using re-
formed natural gas as the reducing agent. The recycling of gases together
with the advantages of a continous process results in low energy require-
ments.

RyL process ; This is a batch prooess using a fixed bed reactor and
uses refcrmed natural gas as the reducing agent.

Armco Process : This process is similar to the Midrex process.

HIB process : The high iron briquette process is a fluidized bed reduotion
one using steam-reformed natural gas. The fine ore is first pre-heated,
then reduced by steam-reformed natural gas at a temperature of about 700°C
followed by hot briquetting and cooling.

11. Eoonomic Consideraticns of Iron Making Processes:

In comparing the capabilities of electrio reduction furnaces and
blast furnaces it is difficult to conceive of an electrio furnace plant
having an iron-making capacity of 2 million tocns or mere; here is .he
domain of the blast furnace with its large cutput. For plants of about
1 million tons capacity the electric reduction furnace could be oon-
sidered; and for plants of less than one-half million tons oapacity. The
electric furnaces would offer the advantage of greater flexibility than a
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large blast furnace.

It may, however, be ncted that the trend toward larger electric
furnaces emploving pre-heated and pre-reduced oharges will make
possible the production of 500 tpd per furnace in the near future
and with possibilities of higher tonnages of upto 1000 tpd. Suoh
furnaces could be considered for 1.5 million tons plants, such as
those projected for eastern Siberia or Africa where tremendous
hydro-clectric potentials exist in equatorial regions.

Concerning cpaital costs, there does not appear to be a great
deal of difference between blast furnace and electrio-reduction
furnace plants of comparable capacity. FFor large - or medium - size
plants costs per annual ton of iron capacity for either a modern
blast furnace or an electric-reduction-furnace installation, each
with ore preparation but without stocking facilities, coke-oven plants,
power stations and mines, may be more or less equal.

If investment costs are comparable for blast furnace and electrio
furnace installation, then the choice between them is largely a matter
of the relative cost of electrical eneergy and the cost and availability
of coking coals. Studies in Soviet Union have shoen equivalent costs
for the two processes when 1 kg of coke hud equivalent value to 3.5 to
4 kwh employing 108,000 - 120,000 kva furnaces with six electrodes with
an output of 1000 tpd.

In conelusion it may be pointed out that choice between +he two
processes would mainly be dependent on availability of cheap electrical
energy and that of coal. Since developing countries have a dominant
share of world resources of gas, oil and hydro-r'rctric energy potential,
and a good share of iron ores, they suffer a lack of coal, particularly
coking coal. It would, therefore, be more desirable for many developing
countries to consider adoption of electric furnace method which has the
added advantages of flexibility of size and ocomparatively lower plant
costs,

The substitution of charcoal for coke is an aoceptable and fully
feasible technolosy. However, its utilization will call for a pro-
gramme of reforestation in order to ensure adequate supplies of char-
coal on long term basis. The paramount importance of preserving en-
vironmental balance in developing countries can not be overlooked by
delaying the replantation programme.

12. World Production of Pig Irong

World's pig iron produotion and its output per capita are shown
in Table 21. The data has been published in Metal Bulletin - June 10,
1977.
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Tabie 21 : Pig Iron Production
: Production x 000 tons Output per capita kg| ¢ world
Country
1975 1976 1975 1976 Output 1976
Europe
West Germany 30,074 31,849 486 517 6.53
Belgium 9,180 9,956 938 1,014 2.04
France 17,921 19,035 338 357 3.90
Italy 11,412 11,694 204 208 2.40
Luxembourg 3,889 3,756 10,655 10,151 0.77
Netherlands 3,970 4,266 291 310 0.87
Denmark - - - - -
U.K. 12,131 13,859 217 248 2.84
EEC 88,577 94,415 343 364 19.35
Finland 1,368 1,240 290 260 0.25
Norway 638 630 159 156 0.13
Austria 3,056 3,325 406 444 0.68
Portugal 327 350 37 39 0.07
Sweden 3,309 2,600 404 315 0.53
Switzerland 35 35 5 5 0.01
Spain 6,842 7,000 193 196 1.43
Turkey 1,337 1,350 34 4 0.28
W.Europe 105,489 110,945 276 289 22.74
East Germany 2,456 2,460 146 147 0.50
Bulgaria 1,509 1,600 173 183 0.33
Yugoslavia 2,001 1,950 94 91 0.40
Poland 74752 7,900 228 230 1.62
Rumania 6,602 6,650 312 312 1.36
Czechoslovakia 9,290 9,400 629 634 1.93
Hungary 2,219 2,200 211 208 0.45
Europe 137,318 143,105 268 2718 29.33
U.S.8.R. 102,968 105,500 405 411 21.62
Asia
Taiwan 470 550 29 M 0.11
China 22,500 23,000 27 28 4.7
India 8,353 8,730 14 14 1.79
Japan 1 86,877 86,500 793 157 17.73
N. Korea 3,100 3,100 195 191 0.64
S. Korea 1,194 1,500 36 44 0.31
Thailand 40 40 1 1 0.01
Asia 122,534 123,420 56 55 25.30




Table 21

t ocontinued

Production x 000 tons Output per capita kg % World
Country
1975 1976 1975 1976 Output 197
America
Argentina 1,038 1,100 41 43 0.23
Brazil 1,260 7,700 68 10 1.58
Chile 417 400 41 40 0.08
Canada 9,150 9,750 401 421 2.00
Colombia 297 260 12 10 0.05
Mexico 2,961 3,000 49 48 0.61
Peru 307 220 19 13 0.05
Venezuela 535 480 45 39 0.10
U.S.A. 72,505 79,150 339 368 16.22
America 94,470 102,060 170 180 20.92
Africa
Egypt 250 250 1 1 0.05
S. Africa 5,197 5,720 204 215 1.17
Rhodesia 310 310 48 46 0.06
Africa 5+757 6,280 13 15 1.29
Australasia
Australia 1,476 7,500 553 548 1.54
Australasia 1,476 7,500 356 352 1.54
WORLD 470,500 | 487,900 119 122 100.00
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1. Introductions

Pig iron consists of the element iron combined with numerous
other chemical elements, the most common of which are carbon, man-
ganese, phosphorus, sulphur and silicon. Depending upon the com-
position of the raw materials used in ironmaking - principally iron
ore {beneficiated or otherwise), coke and limestone - and the manner
in which the furnace is opeiated, pig iron may contain 3.0 to 4.5 per
cent of carbon, 0.15 to 2.5 per cent or more of manganese, as much as
0.2 per cent of sulphur, 0.025 to 2.5 per cent of phosphorus and 0.5
to 4.0 per cent of silicon. In refining pig iron to convert it into
steel all five of these elements must either be removed almost entirely
or at least reduced drastically in amount.

Modern steelmaking processes, including the pneumatic processes,
are divided into two general classes from the chemical standpoint ¢
acid processes and basic processes. Carbon, manganese and silicon can
be removed with relative ease by any of the processes, either acid or
basic. The removal of phosphorus and sulphur requires special conditions
that oan be met only by the basic processes wherein lime is added to the
chemical system to form a basic slag that is capable of forming compounds
with phosphorus and sulphur during refining operations, thereby removing
them from the metal.

2. Processges:

There are five different processes of steelmaking with several
modifications in each of these :

2.1 Open Hearth processes

2.2 Pneumatic processes

2.} Continuous Steelmaking processes
2.4 Electric Steelmaking processes
2.5 Atomic Energy and Steelmaking

(2.1)Open Hearth processes:

The open hearth furnace is both reverberatory and regenerative.
The charge is melted on a refractory hearth, which is shallow in re-
lation to the length of the hearth by a flame passing over the charge
80 that both, the charge and the relatively low roof above the hearth,
built of refractory brick, are heated by the flame. The hot gases from
the combustion of fuel pass out of the reverberatory furnace chamber
through passages into regenerative chambers containing fire brick.

There are two types of open hearth processes :

(a) Acid open hearth process : The hearth of the furnace is of aocid

brick construction. The initial charge consists of cold pig iron or

oold pig iron and scrap. No ore can be added with the charge for iron

oxide being a base, would react with the acid refractory lining and

destroy it rapidly. For the same reason the melting of scrar alone would be
. undesirable for its oxidation products would have a simila detrimental
effect.
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In this process only silicon, manganese and carbon are eliminated
and only a trace of phosphorus and none of the sulphur are eliminated.
In fact the finished steel may contain a slightly higher percentage of
both of these elements than the average of the oharge.

The specifications for acid open-hearth pig iron usually desire !

Silicon = 1less than 1.5 per cent
Manganese - 1.0 to 2.5 per cent
P and S - under 0,045 per cent
c - 4.15 to 4.40 per cent

The composition of acid open-hearth slag is generally as follows

810, - 52 to 56 per cent
FeOO - 20.5 to 29 "
MO - 10 to 20.5
P50 - 0.02 to 0.045 "
Af233 - 3.1 to4.2 v
cw - 007 to 5.4 "
MgO - 0.12 to trace "

(v) Basic open hearth process : The hearth of the furnace for the basio

process is lined with basic refractory material like magnesite and burned
dolomite to permit charging of limestone and use of a basic slag for re-

moval of phosphorus and sulphur.

The specifications for basic open~hearth pig iron usually are @

S8ilicon = under 1.5 per cent
Manganese - 0.4 to 2.0 per cent
Sulphur = under 0.05 per cent
Phosphorus - under 0.9 per cent
Carbon - 3.5 to 4.40 per cent

The operation of basic open hearth process has undergone changes
during the oourse of time. The earlier "ore praotice" has been changed
to "oxygen roof lance practice'. The use of oxygen inoreases flame
temperature and the rate of heat transfer to the oharge, thereby speeding

up melting of high socrap oharges. It alsc oompensates for deficiencies in air

supply and regenerator oapacity. In modern oxygen roof-lance practice, the
flow of oxygen to the furnace is begun immediately after the addition of
hot metal and is continued throughout mcst of the refining period. It

has been reported that there is a saving in heat time of 10 to 25 per

cent and a decrease in fuel consumption of 18 to 35 per cent when oxygen
roof-lancing is adopted.

(2.2) Pneumatic processes:

In oommon with other steelmaking methods there are two chemical
types of pneumatic processes - acid and basic. In both types air, high-
purity oxygen or combination of these and other oxidizing gascs are
blown under pressure through, ontc or over the surface of molten pig
iron to produce steel. If air is used for blowing its nitrogen. content
serves no useful purpose and aotually removes heat from the systea.
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Nitrogen absorbed during blowing is considered as an undesirable
impurity in the finished steel.

There are several ways in which the oxidizing gas oan be supplied
to a pneumatic process :

(1) Bottom-blown Converter:

The bottom~blown converter had been the principal type used in
both, the acid and basic air-blown pneumatic processes for steel
production. The blast travels full length of the molten bath, thus
representing the extreme of submerged blowing practices.

The bottom-blown acid process known as acid Bessemer process,
earlier produced the majority of the worldt's steel supply. Iron of
the correct chemical composition and temperature is required for the
process conforming, generally, to the following composition ¢

Silicon - 1.1 to 1.7 per cent
Manganese - 0.4 to 0.7 per cent
Phosphorus -~ 0.09 per cent max.
Sul phur - 0.0} per oent max.
Carbon - 4.0 to 4.5 per cent

The blow to produce steel lasts for a period of only 10 to 15
minmutes and speed of operation is w2~y rapid. The ratio of silicon
to manganese in pig iron should e 7 to 2., as the former is a source
of heat. Oxygen enrichment of air-bl«st helps in rcducing blowing time
and permits greater utilizatioa of .old iron and scrap.

Bottom-blown basic process known as basic Bessemer process or
Thomas or Thomas-Cilchrist process was never extensively adopted in
view of the development of the basic open~hearth process.

A typical blast-furnace iron for bottom~blown basic Bessemer
process generally contains :

Silioon - 0.2 to 0.5 per cent
Manganese -~ 0.6 to 1.0 "
Phosphorus - 1.4 to 2.0 "
Sulphur - 0.03 to 0.05 "

The chemical composition and properties of steels produced dy this
method more olosely approach the composition and properties of basio
open hearth steels of similar grade than do comparable steels.made by
the aoid Bessemer process. But the nitrogen content of the bottom-blown
basic pneumatic steels is definitely higher than that of basic open-hearth
steel. For this reason, the properties of air-blown steels made by the
basio Bessemer process, while more gimilar to basic open-hearth steels
than are acid Bessemer steels, are still inadequate for certain applications
because of their higher strength, lower ductility and suscep*ibility to
strain aging.
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(ii) Side-blown Converter:

The chemical reactions which occur in the side-blown acid con-
verter are similar to those oceuring in the bottom-blown acid oon-
verter. However, in the former, all the tuyeres are above the liquid
level of the batn and entering through the side of the vessel. The
steel produced s much hotter from a similar iron charge than pro-
duced by the acid bottom-blown converter, and thus silicon content
of the iron can be somewhat lower. Nitrogen content of the finished
steel is obviously much lower than in the steel made by the bottom-

blown acid process. By enriching the air blow by oxygen, the blowing
time is reduced.

(iii)_Stora-Kaldo process:

In this process oxygen is introduced at an angle with respeoct
to the surface of the liquid metal bath contained in a tilted,
rotating vessel. In contrast to bottom-blown Bessemer vessels and
top-blown oxygen vessels, the Kaldo furnace is tilted at about 15 to 20
degrees from the horizontal while operating and can be rotated about
its longitadinal axis at speeds upto 30 revolutions per minute.

As in all top~blown pneumatic processes, phosphorus is eliminated
simultaneously with carbon, unlike in the basic Bessemer process where
it is eliminated only after all the carbon has been removed.

{iv) Rotor Process:

The process developed in Oberhausen, FRG., and often referred to
as Oberhausen process, employs the same rotary principle as the Kaldo
process except that the speed of rotation is 4 to 2 revolutions per
minute. Another distinct feature is that two oxygen lances, one for
high purity oxygen and the other for commercial variety of oxygen, are
used. Tap to tap time for a 66 ton vessel is about 2 hours.

(v) LD Process:

In the basic oxygen process, substantially pure oxygen is intro-
duced from above the surface of the bath in a basic-lined vessel. The
LD process {Linz-Donawitz process) was developed in Austria and was
initially designed to employ pig iron produced from local ores that
are high in manganese and low in phosphorus contents. The basic oxygen
process has readily been adapted to the processing of pig iron of medium
and high phosphorus contents. The phenomenal growth of the LD prooess
out-stripped steel production by the basic open-hearth process. All
grades of steel including high carbon, low alloy and stainless, are
now being produced by LD process.

The process has been extensively employed, particularly in Japan,
USA and Europe. Contimued improvement in this teohnology has enabled
reduction of heat time to 30 to 40 minutes from earlier time of 50 to
60 minutes, This has been mainly possible due to intensified oxygen

N




-3 -

blowing rate and use of multi-hole lanoe. A 400-ton oonverter at
August-Thyssen-HUtte employs a 7-hole lance oapable of blowing about
1,4000 cubic meter of oxygen per minute. The tap to tap time is about
35 to 40 minutes,

To enable higher scrap usage in the LD process from the normal
20 to 30 per cent to 40 to 50 per cent, pre-heating of the sorap by
oxy-fuel lance and using of silicon carbide and caloium carbide
have been adopted.

Continuous improvements in the quality of refractory lining
have inoreased lining life of 400 to 800 heats to, in some cases,
upto about 2000 heats. Besides the quality of lining and use of
dolomitic lime as part of the flux charge improved operating tech-
niques and control of silicon content of the hot metal have influenoed
the lining life.

e —— A
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Table 1 shows a list of LD installations in the different

countries.
Table World LD steel capacity
No. of Conver- Annual capacity (mill.
Company ters output m.tons raw steel)
L/D plant per heat (tons| Start up| Existing | To be
location raw steel) date added
ALGERIA
SNS:
El-Had jar 2x65 1972 0.45
3x85 1979 1.30
Siderurgie Ouest 1983/88 0.00
TOTAL 0.45 11.30
ARGENTINA
Somisa:
San Nicholas 2x170 1973 1.60
1x170 1977 1.25
TOTAL 1.60 1.25
AUSTRALIA
BHP:
Newcastle 2x220 1962 2.35
1x55 1967 0.35
1x70 1981 0.25
2x225 1986 2.00
Whyalla 2x120 1965 1.24
Port Kembla 2x260 1973 2.78
Kwinana 1x65 1981 0.56
TOTAL 6.72 2.81
AUSTRIA
Linz 3x35 1952/56 0.60
3x55 1959/68 1.30
Voest-Alpine 2x145 1973/76 2.00
Donawits Ix65 1953/74 1.30
TOTAL 5.20
BELGIUM
Cockerill:
Chertal Ix165 1963/68 2.50
Seraing 2x225 1965 2.00
Marchienne 1x40 1965 0.20
1x70 1973 0.45
Forges de Clabecq:
Tttre 2x83 1964 /69 1.30
Sidmar: Gent 2x285 1967 3.20
Hainaut-Sanmbre:
Montignies-sur-Sambre 3x180 1969/72 3.50
Boel: La Louviere 3x85 1967/71 2.00
TOTAL 15.15
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Table 1 : ocontinued
No. of Conver- Annual capacity (mill.
Company ters output m. tons raw steel)
L/D plant per heat (tons| Start up
location raw steel) date Existing | To be added
BRAZIL
Acesita: Timoteo 1x35 1972 0.18
1280 1978 0.38
2x80 0.78
Belgo-Mineiras
Joao Monlevade 2x40 1957 0.50 0.10
Siderurgica
Mannesmann:
Belo Horizonte 2x30 1963 0.40 1.00
Volta Redonda 2%200 1977 2.48
CSN: 1x200 1980 2.12
Piacuagera 3x85 1965/17 1.50
Cosipa 3x120 1978/80 1.80
Siderurgica Tubarao:
Tubarao 2x300 1980 2.70
Barra Mansa:
Barra Mansa 2x15 1971 0.12
Usiminas: Tpatinga 3x80 1963/13 1.60
2x160 1973 0.60
TOTAL 7.38 8.92
BULGARIA
Kremikovtei:
Kremikovtsi 3x100 1966 1.70
TOTAL 1.70
CANADA
Algoma
Saults Ste. Marie, Ont. 3x100 1958/64 1.32
x227 1973 2.54
Hamilton, Ont. 3x150 1954 /66 2.8 :
Dofasco: 12300 1977 1.20
Hamilton, Ont. x7 1971 2.54
Steloo:
Nanticoke, Ont. 2x227 1980 1.18
TOTAL 9.20 2.38
CHILE
Cap: Talocahuano 2x110 1976 1.10 0.91
TOTAL 1.10 0.91
CHINA
Msanshan:
Naanshan, Anwei S5x- 1970
San-ming:
San-ming, Mukien 3x6 1970
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1 : continued

Company

No. of Conver-

ters output

Annual capacity (mill.
m. tons raw steel)

L/D plant per heat (tons| Start up
location raw steel) date Existing To be added
CHINA, cont.
Capital:
Shih-Chingshan, Hopei 3x30 1965 /66 0.50
Hantan:
Hantan, Hopei x
Wu-Han:
Wu-Han, Hopei 1x- 1970
Lienyuan:
Lienyuan, Hunan 1x- 1969
Huhehot :
Huhchot, Inner Mongolia x
Paotou:
Paotou, Inncr Mongolia 2x- 1970 0.50
Nanking:
Nanking, Kiangsu x
Liu-Chow Municipal Foundry:
Liu-Chow, Kwangsi 3x- 1970
Canton:
Canton, Xwangtung 2%~ 1969/70
Hainan:
Hainan, Kwangtung 1x- 1970
Anshan:
Anshan, Liao-ning 2x(1ge) 1.50
Shanghai:
Shanghai, Shanghai 3x35 1966 0.40
1x120 1970 0.70
Tai-Yuan:
Tai-Yuan, Shansi 2x55 1969 0.5%
Yen-T'ai: :
Yen-T 'ai, Shantung 1x- 1968
Siang
Sian, Shenhsi 1x3 1970
Kumming:
Anning, Yunnan 1x- 1970
TOTAL 4.15
TATWAN
China Steel Corp.
Kaohsiung, Taiwan 2x150 1977 1.50
TOTAL 1.50
CZECHOSLOVAKIA
East Slovak:
Kosice 3x110 1966/61/80 2.20 0.8
2x150 1974 1.50
TOTAL 3.70 0.8
EQYPT
Egyptian IronsSteel: .
Helwan x70 1974/76 1.20
TOTAL 1.20

P ¥
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Table 1 : continued

No. of Conver- Annual capacity (mill.
Company ters output m. tons raw steel)
L/D plant per heat (tons| Start up
location raw steel) date Existing | To be added
FINLAND
Koverhar:
Lappoh ja 2x50 1971 0.55
Rautarunkki:
Raahe x75 1967 /16 1.60
TOTAL 2.15
FRANCE
Acierie de Marpent et
Hydraulicue du Nord:s
Marpent 1x3 1961 0.01
Aoieries du Furan:
Saint Etienne 1x2 1962 0.02
Cockerill: Rehon 1x30 1963 0.16
Creusot-~l,oire Usine
des Dunes: |
Dunkerque 1x60 1971 0.40
Pont-a~Moussons
Fumel 1x2 1963 0.01
8Sté Métallurgique de
Normandie:
Mondeville 1%65 1967 0.40
Sté. Nouvelles des
Acieries de Pompey:
Pompey 2x8y 1964 0.60
Sacilor:
Gandrange 2x250 1971 2.50
Solmer:
Foa-sur-Mer 2x200 1974 3.50
Usinor:
Denain 4x60 1964 /71 1.80
Dunkerque Ix160 1962 3.50
Ix220 1972 4.50
i TOTAL 17.40 1.00
WEST GERMANY
Dillinger:
Dillingen, Saar 2x200 1968 2.00
Thyssen 1G: ’
Beeckerwerth Ix255 1962 6.60
Bruckhausen 2x385 196 5.45
Ruhrort 4x125 1962/68 4.30
Thyssen Henrichshiitte:
Hattingen 1x150 1970 180
Krupp:
Rheinhausen 2x300 197 3.00
é ' x115 1964 /67 2.00
- e
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t ocontinued

No. of Conver-

Annual capacity (mill.

Company ters output m. tons raw steel)
L/D plant per heat (tons| Start up
location raw steel) date Existing | To be added
WEST CERMANY, cont.
Hoesch:
Dortmund~Hoerde 3x180 1963/66 4.20
Kloeckner:
Bremen 2x2715 1968 3.60
Mannes:*ann:
Duisburg-Huckingen 2x220 1966 2.76 0.24
3x50 1967 1.20
Rheinstahl
Hattingen see Thyssen Henrichshlitte above
Peine-Salzgitter:
Peine Ixyy 1964 1.91
Salzgitter 3x210 1968/77 4.50
Roechling-Burbach:
Burbach, Saar 2x110 1972/15 2.50
Volkingen, Saar 3x140 1980 2.3
TOTAL 45.52 2.54
GREECE
Halyvourgiki:
Efesis 2x45 1963 0.45
2x45 1970 0.45
TOTAL 0.90
HUNGARY
Danube:
Dunau jvaros 2x110 1979 1.10
TOTAL 1.10
INDIA
Bokaros
Bokaro Steel City, Binad 3x100 1973/76 1.28
2x100 4.00
2x300
Hindustan:
Rourkela 3x50 1959/60} 1.60
2x60 1966/67
Maharashtra Elektrosmelt:
Chandrapur, laharashtra 2x15 1978 0.15
Vievesvaraya:
Bhadravati 2x15 1965 0.08 0.03
TOTAL 2.96 4.18
TRAN
NISC: Aria Mehr 3x100 1972/16 2,00
TOTAL 2.00
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Table 1 : ocontinued
No. of Conver- Annual capacity (mill.
Company ters output m. tons raw steel)
L/D plant per heat (tons| Start up
location raw steel) date Existing| To be added
ITALY
Piombino:
Piombino 3x100 1970 1.50 0.50
Italsider:
Bagnoli 3x150 1964 2.40
Taranto Ix310 1964 4.70
3x350 1973 5.80
Cogne: Aosta 2x60 1970 0.22
TOTAL 14.62 0.50
JAPAN
Kawasaki :
Chiba No. 1 2x85 1970 1.15
Chiba No. 2 3x150 1962 /65 4.26
Mizushima No. 1 3x180 1967 /69 4.90
Mizushima No. 2 3x250 1970/73 7.40
Kobe:
Kobe 3x80 1961 /66 2,30
Amagasaki 2x40 1960 0.70
Kakogawa Ix23% 1970/73 6.00 3.00
Nakoyama:
Funamachi 2x65 197 0.90
Mizuo 3%90 1960/62 1.65
NKK:
Fukuyama No. 1 3x200 1966/68 5.50
Fukuyama No. 2 %275 1969 /71 7.60
Fukuyama No. 3 3330 1973 4.40
Ogishima 3x275 1976/19 3,00 3.00
Nippon Steel:
Yawata No. 1 1x150 1974 1.50
Yawata No. 2 3x150 1962/70 4.30
Yawata No. 3 2x75 1966 /67 2.00
Yawata No. 5 2x60 1957/64 0.70
Muroran No. 1 2x50 1964 /67 0.60
Muroran No. 2 3x110 1961/67 3.60
Muroran No. 3 2x270 1977 2.60
Kamaishi 2x90 196 1.40
Hirohata No. 1 2x100 1960/65 1.50
Hirohata No. 2 3x100 1968/73 2.70
Nagoya No. 1 3x160 1964 /67 3.80
Nagoya No. 2 2x250 1969 3.20
Sakai 3x170 1965 /67 4.50
Kimitsu No. 1 3x220 1968/59 5.90
Kimitsu No. 2 2x300 1971 w6
Oita 1x340 1972/76 Con
Tokai Special Steel:
Nagoya %75 1968 0.5
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t ocontinued

No. of Conver-

Annual capacity (mill.

Company ters output m. tons raw steel)
L/D plant per heat (tons| Start up
location raw steel) date Existing | To be added
JAPAN, cont.
Nisshin:
Shunan 2x45 1970 0.33
Kure Ix90 1965 2.70
1x150 1977 2.60
Osnka Iron + Steel:
Nishi jima 2x40 1964 0.50
Sumitomo Metal Industries:
Kokura No. 1 2x70 1961 1.04
Kokura No. 2 3x70 1970/76 2,08
Wakayama No. 1 1xT70 1968 0.60
Wakayama No.2 3x160 1963 3.83
Wakayama No. 3 3x160 1967 4.64
Kashima No. 1 3x250 1971 6.00
Kashima No. 2 2x250 1974 3.00
TOTAL 122.78 11.20
LUXEMBOURG
Arbed:
Dudelange 1x77 1962 0.98
Esch-Schifflange 1%x80 1976 0.96
1x80 1978 0.96
Esch-Belwyal 2x150 1976 2.00
Differdange 1x160 1973 2.10
Rodange-Athus:
Rodange 1x25 1965 0.10
TOTAL 6.14 0.96
MALAYSIA
Malayawatas
Prai/Penang 2x15 1967 0.18
TOTAL 0.18
MEXICO
Ahmsa:
Monclova 3x80 1971 /74 1.40
1x12% 1976 0.80
Fundidora Monterrey:
Monterrey 2x150 1975 1.50
Sicartsa:
Lazero Cardenas, Nich. 2x100 1976 1.30
2x200 1979 2.35
1x200 1988 2.3
1x100 1990 1.30
TOTAL 5.00 6.00
MOROCCO :
Sonasid: Nador 2x105 1980 1.00
TOTAL 1.00
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Table 1 : ocontinued
No. of Conver- Annual capacity (mill.
Company ters output m. tons raw steel)
L/D plant per heat (tons| Start up
location raw steel) date Existing | To be added
NETHERLANDS
Hoogovens:
Umiden 3x100 1958/61 2.45
3x300 1968/16 4.70
TOTAL 7.15
NORWAY
Norsk Jernverk:
Moi Rana 2x70 1976 0.70
TOTAL 0.70
PERU
Siderperu:
Chimbote 2x35 1966 0.33
2x180 1982 1.80
TOTAL 0.132 1.80
PHILIPPINES
National Steel Corp.:
Iligan City 1%25 1979 0.12
Tagoloan, Misamis Or. 2x200 1982/83 2.00
TOTAL 2,12
POLAND
Huta Im. Lenina:
Krakow %120 1966 /11 3.50
Katowice:
Katowice 3x350 1976/19 4.50 4.00
TOTAL 8.00 . 4.00
PORTUGAL
Siderurgia Nacional:
Seixal 2x45 1961 0.50
TOTAL 0.50
RUMANIA
Calati: Calati 3x150 1968/69 3.50
Ix150 197 3.50
3x150 1979/80 3.50
TOTAL 7.00 3.50
SOUTH AFRICA
Highveld:
Witbank 2x60 1968 0.60
3x60 1977/18 0.75
Isoor: 2x300 1987 /88 3.00
Newcastle 3x150 1974 /15 2.80
Vanderbi jlpark " 3x150 1974 /75 3.29
3x150 1985/86 - 3.29
Pretoria 3x160 1990/91 3.50
TOTAL 6.69 10.54

]
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Table 1 : continued
No. of Conver- Annual capacity (mill.
Company ters output m. tons raw steel)
L/D plant per heat (tong Start up
location raw steel) date Existing | To be added
SOUTH KOREA
Pohang: Pohang 3x100 1973/76 2.20
TOTAL 2,20
SPAIN
AHV:
Sestao 3x70 1967 /69 1.50
Sagunto 3x40 1969/76 1.00
Aviles 3x65 1966 1.45
Ensidesa: 3x100 1969 /- 1.20 1.13
@i jon, Verina X125 1971 2.43
TOTAL 7.58 1.13
SWEDEN
Fagersta: Fagersta 2x40 1962/69 0.17
Granges:
Oxelosund 1x180 1977 1.8
Norrbotten: Lulea 2x105 1972/15 1.8
TOTAL 1.97 1.80
TUNISIA
Elfouladh:
Menzel-Bourgiba 2x15 1965 0.18
TOTAL 0.18
TURKEY
Eregli: Fregli 3x90 1965 /16 1.8
Turkiye Demir ve Celik '
Isletmeleri:
Iskenderun 3x130 1977/80 1.10 1.30
Karabuk 2x100 1980 1.00
TOTAL 2.90 2.30
UNITED KINGDOM
BSC, Ceneral Steels:
Scunthorpe 3x300 1973 4.50
Normanby Park, Scunthorpe 2x85 1964 1.00
BSC, Tecside:
Consett 2x165 1968/73 1.30
Lackenby 3260 1971/72/- 2.1 2.56
BSC, Scottish:
Motherwell 2x125 1964/- 1.20 2.00
BSC, Welsh:
Ebbw Vale x50 1963 0.70
Llanwern Ix170 1962 3.50
Port Talbot 2x320 1969 3.00
1981/85 3.00

——
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Table 1 : continued
No. of Conver- Annual capaoity (mill.
Company ters output m. tons raw steel)
L/D plant per heat (tons | Start up
looation raw steel) date Existing | To be added
UNITED KINCDOM, cont.
BSC, Tubes:
Corby Ix130 1965 1.30
TOTAL 18.61 7.55
USA
Alan Wood:
Conshohocken, Pa. 2x150 1968 1.2%
Allegheny Ludlum:
Natrona, Pa, 2x80 1966 0.60
Armoo:
Ashland, Ky. 2x180 1963 2.00 4
Middletown, Ohio 2x210 1969 2.00
Bethlehem:
Lackawanna, N.Y. 3x300 1964 /66 4.70
Sparrow Point, Md. 2x215 1966 3.20
Bethlehem, Pa. 2x270 1968 2.70
Burns Harbor, Ind. 2x300 1969 " 4,30
1x300 1978 1.00
Johnstown, Pa. 2x200 1978 2.30
CF+ I:
Pueblo, Colo. 2x120 1961 1.30
Cruoibdble:
Midland, Pa. 2x105 1968 0.90
Ford Motor:
Dearborn, Mioh, 2x250 1964 2.90
Inland:
East Chioago, Ind. 2x255 1966 4.00
2x210 1974 2,20
Interlake:
Chicago, Il1. 2x75 1959 0.96
Jones + Laughlin:
Aliquippa, Pa. 2x80 1957 1.00
Ix190 1968 3.00
Cleveland, Ohio 2x205 1961 2,25
! Kaiger:
Fontana, Calif. Ix120 1958 1.50
2x220 1978 2.30
MoLouth:
Trenton, Mich. 5x110 1958/69 2.80
National Steel:
Great Lakes Div,:
Ecorse, Mioch. 2x285 1962 3.60
2x235 1970 2.00
Weirton Steel Div.:
Weirton, W.Va. 2x360 1967 4.00
CGranite City:
Granite City, Ill. 2x235 1967 2.20
BN
[N
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1 : continued

No. of Conver-

Annual capacity (mill.

Company ters output m. tons raw steel)
L/D plant per heat (tons | Start uwp
location raw steel) date Existing | To be added
USA, cont.
Republics
Warren, Ohio 2x190 1965 2.50
Gadsden, Ala. 2x180 1965 1.50
Cleveland, Ohio 2x245 1966 2.8
Buffalo, N.Y. 2x130 1970 1.00
Sharon:
Farrell, Pa. 1x150 1974 1.00
US Stzel:
Duquesne, Pa. 2x215 1963 2.60
Gary, Ind. Ix215 1965 4.40
South Chicago, Ill. 3x200 1969 4.10
Lorain, Ohio 2x225 1971 2.80
Braddock, Pa. 2x230 1972 2.60
Wheeling-Pittsburgh:
Monessen, Pa. 2x200 1964 1.80
Steubenville, Ohio 2x285 1965 2.70
Wisconsin Steel:
South Chicago, Il1. 2x120 1964 1.20
Youngstown:
East Chicago, Ind. 2x285 1970 3.00
SHORT TON TOTAL 89.136 5.60
EQUIVALENT METRIC TON TOTAL 81.06 5.10
USSR
Dnepropetrovsk, Ukraine 3x50 1967/68 0.80
Krivoi-Rog, Ukraine 3x100 1958 1.80
3x130 1965 /71 2.60
Yenakiyevo, Ukraine 3x130 1968/69 2.60
Iyich: Zhdanov, Ukraine 3x100 1964 /65 2.00
1x250 2.00
Azovstal : Zhdanov, Ulcra.ineH 2x350 3.50
Dzerzhinsk, Ukraine 2x450 4.00
Makeyevekiy:
Kirov (Central Russia; 2x270 3.00
Cherepovets ( * 2x400 4.00
Novolipetsk:
Lipetsk, Caetral Russia 3x160 1966 3.50
3x300 1974/18 3.00 3.00
Magnitogorsk, Urals 3x350- 7.00
Novo-Tagil:
Nizhniy-Tagil, Urals 3x100 1963 /67 2.00
2x300 3.00
Chelyabinsk:
Chelyabinsk, Urals 3x125 1969 2.20
West Siberian:
Antonovskaya, H.Siberi+ 3x130 196 2.20
: 3x300 19713/11 3.00 3.00
2x270 ~2.70
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Table 1 : continued
No. of Conver- Annual capacity (mill.
Company ters output m. tons raw steel)
L/D plant per heat (tons | Start up
location raw steel) date Existing | To be added
USSR, cont.
Kuznetskis
Novokuznetsk, W.Siberia 2x300 3.00
East Siberian:
Svobndni j, E.Siberia 2x300 3.00
Karaganda, Kazakh 3x250 1970/72 4.50
3x250 4.50
3x300 5.00
Kazakhsk:
Temir-Tau, Kazakh 2x350 3.50
TOTAL 40,20 44.20
VENEZUELA
Zulia: Maracaibo 3x300 6.00
TOTAL 6.00
YUGOSLAVIA
Skop je: Skop je 2x110 1967 /- 0.70 0.70
Zenica: Zenica 2x110 1976 1.10
Smederevo:
Smederevo 3x100 1975,/80 0.90 0.80
TOTAL 2.70 1.50
WORLD TOTAL 366.459 148.38

Source : Metal Bulletin Monthly - August 1977
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(vi) Bottom Blowing Oxygen Process:

(a) OBM Process:

It had been felt that hlowing pure oxygen through the converter
bottom would have the inherent advantages of a quicter blow and better
mixine. The OB (Oxysen Bottom Maxhittte) process was developed by
Eisenwerk-Gesellschaft Maximilianshiitte mbH. in FRG, jointly with
L'Aire Liquide of lMontreal, Canada, and the first heat was made in
December 1967. By lMarch 1968, regular production was started. The
unique feature of the process is shielding of the oxygen tuyere by
a larger diameter pipe throush the annulas of which hydrocarbons,
such as propanc or natural gas, is blown. The endothermic decomposition
of the hydrocarbon at the mouth of the tuyere effectively cool the
tuyere. lith this concentric tuyere, pure oxygen could be introduoed
into a stcel bath without excessive refractory erosion.

The vessel for OBM process is similar to the Besgemer converter
except for only six to fifteen tuyeres as against 250 to 300 in the
Thomas converters. The inner oxygen tube is made of copper and the outer
tube is of stainless steel. The converter shell is lined with dolomite
bricks and the bottom is rammed with tar dolomite. Oxygen with lime
powder is injected through the inner pipe and natural gas through the
outer tube. The incoming of natural gas is about 9 kg per cm2, whioh is
reduced to about 4 kg per cm2 and the flow rate is about 300 m3 per
hour. The line pressure of oxygen is about 15 kg per cm? which is re-
duced to about 13 kr per cm? in the converter. The oxygen flow rate
can be varied from 4,000 to 10,000 m3 per hour. The ratio of oxygen to
natural gas for ignition is approximately 9:1 and during the blowing
period this is reduced to 30:1. Natural gas oonsumgtion averages 6 m3
per ton of steel and oxygen consumption about 64 m3 per ton.

OBM vs. LD processes:

The advantage of the OBM process in comparison with the oxygen
top-blowing processes are mainly as follows : '

(1) Unlike the oxygen top-blowing process, only about a
quarter of the iron is evaporated; consequently, less red
fumes are developed.

(11) The iron oxide content of the slag which in contrast
with other steelmaking methods, approaches equilibrium with
the metal bath, is substantially lower.

Due to (i) and (ii) above, the yield is increased by about
2.5 per cent compared with the oxygen top-blowing processes
which means a decisive economic advantage of the OBM prooess.

(iii) The intense agitation of the bath by the introduction
of the refining gas through the bottom leads to a more rapid
dissolution of the scrap, whereby the total refining time in
the converter is reduced to 10 minutes.
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(iv) The simultaneous introduction of lime powder and oxygen
permits to obtain a completely slopping-free refining which is
far-reaching and independent of the pig iron composition. Besides
advantages relating to process control, also the design of the
gas-cleaning equipment is affected thereby in a favourable way.

(v) The amount of scrap to be processed by the OBM process is
increased by aboui 35 .cr cent compared with the oxygen top-
blowing processes. The reasons are: the lower iron evaporation
losses; the elimination of cooled lances; shorter refining time;
and the possibility of pre-heating the converter during charsing
operation by introducing through tuyeres oxygen and natural £as
in stoichiometric ratio.

(vi) OBM plants require only two thirds of the building heipht
than for oxygen top-blowing prcresses. For this reason, OBl con-
verters are particularly suitable to be installed in existing
open-hearth steel plants.

(vii) Due to the short blowing periods and the completely
slopping-free blowing behaviour, a considerable increase in pro-
duction can also be achieved in case of large OBM converters in
comparison with LD converters.

(b) LYS Process:

A variation of OBM process is the LWS process (Creusot-hoire and
Wendel-Sidelor with Sprunck and Co.). Tn (M3 process fuel o0il is used
for shielding the oxygen stream instead of natural gas. The first commercial
operation started in 1974 in a 30-ton co:averter and the process, like OBM,
is used for refining high-phosphorus iron. The use of 0il in LWS process
ensures better safety in operation compared to the use of propane or na-
tural gas. The process is cxpected to be attractive in places where natural
gas is not available and propane is expensive.

(c) Q-BOP Process:

The OBM process was adopted by U.S. Steel to large furnaces and was
termed as Q-POP process. The letter 'Q' stands for 'quiet, quick, quality!
and emphasizes the advantages of the oxygen bottom-blowing process.

The metallurgical performance of the Q-BOP has proved to be ex-
cellent. Phosphorus could be removed to low level. The ability tc intro-
duce powdered lime into the steel bath results in good desul phurization
and steels with 5 content of 0.02 per cent are produced from hot metal
containing 0.07 per cent sulphur. Nitrogen levels at turndown are generally
below 0.0025 per cent and hydrogen content as about 2.6 ppm.

The process developed for treating low phosphorus iron and for
adoption on large converters for high tonnages has elahoratod tuyerrs -
gas control system to ensure that the different gases are supplied ia the
right quantity and seguence to the converter. The blowing .im. for a
200-ton Q-BOP converter is about 12 ninutes, as against 7 iinmuces for
LD converter,
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(d) SIP Prooess:

The submerged injection process SIP is an offshoot of the OBM
process and was developed by the Sydney Steel Corporation, Canada,
on their 200-ton tilting open~-hearth furnace. The tuyeres arc located
below the bath on the back slope of the hearth. The refining_time is
reduced to some 12 minutes for an oxygen rate of about 900 m3 per
minute.

Advantares claimed for SIP are high production rates, 2 to 4 per cent
increase in yiecld and less particle content in the waste gases due to quiet
bath conditions. Since the endburners as in the conventional open-hearth
are retained, the scrap melting ability of SIP is more than the other
processes and there is no difficulty in melting upto 60 per cent sorap
in the charge. Results of experimental heats in U.S. Steel's 30-ton
Q-BOP converter indicate that rimmed and mechanically-capped low
carbon steels of both hot and cold rolled quality; deep drawing tin-
plate and other tin mill products including oorrosion resistanoce types;
structural quality plates including carbon-manganese steels and low
alloy high strength steels, as well as high carbon rail steels are com-
parable to similar products from conventional open-hearth furnace or LD
converter,

It has becn estimated that the capital investment on bottom-blowing
installation is expected to be lower than that on LD plants. A study re-
cently completed by Dasturco, India, has shown the revamping and aug-
menting the capacity of a Thomas converter shop: in Egypt, could be
achieved at half the cost for OBM converter as against with revamping
with installation of LD converter. Similarly, the conversion of existing
open~hearth shops by installation of bottom-blown converters is expcoted
to be more eoonomical than LD.
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Currently, the capacity of the oxygen bottom-blowing installations

is about 18 million tons. The worldwide list of o

converter installations is given in Table 2.

Table 2 ¢

World Oxygen Bottom-Blown Plants

xygen bottom-blowing

. J Start Conver- | Capacity
Country and Company Location Proces up No. ters Heat| Crude Steel
tons mill, tons
FRG
Eigenwerk-Gesel 1schaft | Salzbach-
Maximilianshuette GmbH. Rozenberg OBRM 1971 6 35 1.10
Stahlwerke Roechli
Burbach GrbHe & | voelklingen | oBM 1969 | 2| 45 0.55
France
Societd des Acieries
et Trafileries de
Neuves-Maison Chatillon OBM 1969 | 4 35 0.60
Wendel-Sidelor Valenciennes OBM 1970 | 3 80 0.9C
Hagondange Lv's 1973 2 50 0.60

. Rombas LWS 1971 1 35 0.30
Cockerill-Ougre-
Province Rehon OBM 1973 2 25 0.40
Societé des Hauts
Fourneaux de las Chiers | Longwy LWS 19731 2 25 0.40
Union Siderurgique du
Nord et L'est de la :
France (USINOR) Longwy OBM 11970] 2| 45 0.40
Belgium
Cockerill-Ougre-
Province Marchienne OBM 1971 ] 2 40 0.44
Forges de Thy-Marcinelld
et Monceau Monceau OBM 19711 4 40 0.88
Lux..mbourg
Miniere et Metallurgiqu%
de Rodange Rodange OBM 1970 { 4 3o 0.66
South Africa
South African Iron and
Steel Industrial Corp.
Ltd., Pretoria OBM 1971 1 40 0.30
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Table 2 : oontinued

Conver- Capaoity
Country and Company Location Process gtar'ﬁ No. ters Heat| Crude Ste'
P tons mill.tons
United States
U.S.Steel Corporation Soutn Works
Chicago Q-BOP | 1971 1 30
Fairfield
Works QBOP | 1974 2 200 3.50
Cary Works Q-BOP | 1973 ] 3 200 5.00
Canada
Sydney Steel Corp. Sydney SIP 19711 3 225 1.25
Sweden
Surahemmars Bruks AB Surahammar OBM 19741 1 40 0.15
TOTAL 17.43

Source : SEAISI - Jan. 1976

Table 3 gives the trend of development of oxygen proceases during
the last decade in the different regions of the world.
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It can be secn that despite metallurgioal advantages of Kaldo
and Rotor processes there has been no development for these proceases
owing to their complexity. The Q-BOP process is becoming increasingly
popular.,

(2.3) Contimous Steelmaking Processes

Considerable experimental work has been carried out on the con-
tinuous steclmaking processes. The following are the different pro-
cesses which are under development stage :

(i) IRSID process

(ii) WORCRA process
(iii) HEARTH process
(iv) BISRA process

(v) NRIM process

(1) IRSID process:

In this process the actual refining takes place in a reaotor fed
with regular and known flow of hot metal by means of oxygen supplied
throurh a vertical lance, which also injects fluxes for slag formation.
The metal-slag mixture flows into a second vecsel where scparation
takes place. Oxygen consumption is about 48 m3 per ton of stecel and the
Yield of metal is around 96 per cent.

(ii) WORCRA process:

The process developed in Australia consists of continuous con-
version of iron ore to steel by fast smelting of composite pellets in
a low shaft furnace with sequential refining of the moiten hot metal in
a launder-like furnace. The iron yield is reported to be 99 per cent.
Lime consumption is said to be 40 to 50 per cent less than that of LD
converter and oxygen consumption is less by 15 to 20 per oent.

(1ii) HEARTH process:

Steelmaking is carried out by this prooess developed in USSR
in a system of open baths. The flow of motal from bath to bath occurs
by gravity because of difference in levels and the capacity of each
bath is 35 kg. Eaoh bath carries out some specific part of steel-
making process. The furnace is fired with natural gas using pre-heated
air for combustion. Oxygen (10 to 25 m3 per ton of iron) is injected
into the bath means of lances.

(iv) BISRA process:

In the spray steelmaking process developed jointly by BISRA and
Million Iron Works in U.K., a siream of molten pig iron is exposed to

intimate oxidation reaction with oxygen jets. Slag formation is achieved

by injecting powdered l1ime with oxygen. Oxygen oonsumption is reported
to be about 55 m3 per ton of steel.

(v) NRIM process: .

The process, in experimental stage, conaists of multi-stage
trough-type furnaces and has been developed in Japan.
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(2.4) Electric Steeclmaking Processes:

Electric current can be uced for heating in two ways : (i) by
utilizing the heat gencrated in clecirical conductors by their in-
herent resistance to the flow cf current and (ii) by utilizing the
heat radiated by tn  ~lectric arc.

(i) Resistance method - two general methods of heating by re-
cistance are possible : (a) the indircet method in which the charge
is heated by radiation and conduction from separate resistors through
which current is passed. This method, however, is impracticable for
stecelmakinr; (b) the direct method in which the current is passed
through the metal charge or bath itself. A hirh~voltage 1ow-amperage
current is transformed to low-voltage high-amperage current and passcd
through the bath or charge. The bath acts as a secondary circuit for
the current which is gencrated from a primary circuit by induction.
This method is therefore called induction heating.

(ii) Electric arc method - arc heating may be applied in two genervral
ways : (a) the arcs may be made belween electrodes supported above thc metal
in the furnace which thus is heatcd solely by radiation from the arc.

This is commonly known as indirect-arc heating; anl (b) the arc may be
made between the electrodes and the met 21. Th1 mcthod, known as direct-
arc heating allows current to flow throagh the bath, so that heat devel-
oped by the electrical resistance of {he metal is added to that radiated
from the arcs. This system usgines a non-conduction bottom, has been
successful in stcelmaking in elcct *ic furnaces.

There are three differcnt types of furnaces used for steelmaking:

(i) the open-bath arc furnace which is comparable to an open-
hearth furnace
(ii) the electric shaft furnace which is the electrical version
of the blast furnace
(iii) the low-shaft or submerged arc furnace which lies between
the first two.

(i) Open-bath furnaces: In open-bath furnaces, the electrode is
in contact with the slag, but it is not immersed in the solid charge.
The furnace operates as on isuvthermal zone where the reactions are
limited to the direct reduction of the oxides, the eventual carburization
of the liquid metal and the formation of slag.

A recent development of the furnace is the Lubatti furnaoe whose
bath is not actually open but is .rathér covered by a very small layer
of charge material.

The Strategic~Udy process employs this type of furnace using pre-
heated highly reduced material. A 33,000 kva industrial unit has been
commigsed in Venezuela sometime back.

$ii) Electric shaft furnace: A few furnaces of this type were
made (500 - 600 kw at Domnarvat, Sweden), but tha performance.was not
quite satisfactory in comparison to that of open-bath or the submerged

N
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arc furnaces. The furnaces did not become popular and were finally
abandoned.

(iii) Submerged arc furnaces: One of the first furnace of the
submerged arc type was made by Heroult. These designs were later in-
dustrially developed by Tysland and Hole. Today, most of the electric
ironmaking plants make use of the submerged arc furnace. Tysland-Hole
furnaces of 50,000 kva capacity or more are operating in several parts
of the world. A 60,000 kva furnace has been constructed and is oper-
eting at Mo-i-Rana.

From the time of its invention, the electric furnace has been
devoted to the making of special steels and has therefore been
characterized by modest heat size and low hourly output. Its potential
increased towards the 19608, which led to the UHP (Ultra high power)
concept. The main features of this technique are :

(a) an increase in transformer power, making possible the regular
attainment of specific power levels of 500 to 600 kva/ton. Ugine's
100-ton furnace at Fos and the one of Sanyo Steel's 80-ton furnace
at Himeji have capacities of 77 MVA and 60 MVA respectively.

(b) thermal efficiency is much improved using short, stable ores
and high voltage and power, the power factor falling from 0.9
to 0.71.

Furnaces in the 80-100 ton range are quite common in many countries.
The U.K., U.S.S.R., U.S.A., Italy, South Africa, etc. have furnaces of
150~ton capacity or more. The North Western Steel and Wire Company has
a furnace of 400-ton and another of 700~ton capacity.

Auxiliary heating arrangements are made outside the furnace for
reasons of eoonomy in electric power and to enhance the productivity.

(2.5) Atomio Encrgy and Steelmaking:

The application of atomic energy to steel production would involve
the use of a reactor to generate both electricity and the hot reducing
ga8 needed in the direct reduction process. Two methods have been con-
sidered feasible :

fa) using the heat from a high-temperature gas-cooled reactor
HIGR), to reform hydro-carbon gas for the direct reduction of
iron ore, the temperature being indirectly supplied by the hot
helium from the reactor. The direct reduction sponge iron thus
obtained would be refined to steel in an eleotric furnace powered
by heat from the reactor.

(b) using reactor heat to obtain hydrogen (by splitting water)
which is then used for the direct reduction of iron ore obviating
the use of fossil fuel.

— - W
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The over-riding problem at present is to design a safe, long-life
oatalystic reformer that can be heated by hot helium gas from the re-
actor. West Germany, Japan, Switzerland, U.S.A. and the U.S.S.R. are
active in developing this technology. U.K., Belgium, France and Italy
have also joined together to develop muclear steel-making technology.

However, it is expected that first use of nuclear fission in
steelmaking would not be there earlier than 1985-90, and may be,
even later by 5 to 10 years.

(2.6) Share of each Process in Steel Production:

Steelmaking has undergone a substantial transformation in the
last two decades or so, owing to the introduction on an industrial
scale of pure-oxygen melting processes, the development of electrioc
furnaces for the production of ingot steel and the introduction of
metallurgical processing downstrcam of the steel production furnace.

This development is summarized in Table 4 and the forecast of the
share of each prooess by the end of the century is given in Table 5.
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‘The output of steel of some of the oountries shows striking
differcnces in the choice of technology. This is due to the
particular infrastructure facilities of the steel industry in
these countries.

Table 6 shows country-wise share of different processes,

Table 6 : Country-wise share of Each Processes
(in per cent)

o

Country Year | Thomas | Open Hearth | Electric Oxygen g?:fgzni:ons

Federal Republic

of Germany 1960 43.8 47.3 6.4 2.5 34.032

1970 8.2 26.5 9.4 56.7 45.041

1975 1.4 16.9 1.2 70.4 40.415

Austria 1960 - 31.3 12.6 56.1 3.163

1970 - 16.3 12.1 71.6 4.078

1975 - 704 1108 80.8 40068

Belgium 1960 01.1 5.8 3.1 - 6.698

1970 41.6 2.2 3.6 52.6 12.607

1975 - 1.4 5.8 92.8 11.584

Bulgaria 1960 - 90.0 10.0 - 0.260

1970 - 26.1 20.1 53.8 1.800

Canada 1960 - 89.2 10.8 - 5.164

1970 - 86.6 13.4 - 11.212

1975 - 23.6 18.6 57.8 13.025

Spain 1960 13.8 - T1.4 14.8 1.938

1970 - 26.4 35.2 38.4 T.429

1975 - 9.8 36.1 5441 11.242

United States of 1960 1.2 87.0 8.5 3.3 90.067

America 1970 - 36.5 15.3 48.1 122.120

1975 - 19.0 19.4 61.6 108. 250

Finland 1960 - 39.9 60.1 - 0.278

1970 13.8 22.3 63.9 1.169

1975 8.7 17.0 74.2 1.618

France 1960 60.9 |. 29.9 8.7 0.5 17.181

1970 42,2 18.8 9.8 29.2 23.774

1975 15.5 T.2 12.8 64.5 21.530

Hungary 1960 - 90.2 9.8 - 1.887

1970 - 9007 903 - 30110

1975 - 9008 902 - 30671
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Table 6 : continued

Country Year | Thomas | Open Hearth| Electric Oxygen g?:??zni:ons
Italy 1960 5.5 55.9 38.6 - 8.461
Japan 1960 - 68.0 20.1 11.9 22.138

1970 - 4.1 16.8 79.1 93,322
1975 - 1.1 16.4 82.5 102.314
Luxembourg 1960 98.0 - 2.0 - 4.084
1970 60.6 - 1.8 37.6 5.462
1975 28-5 - 1.4 70.1 4.624
Poland 1960 - 92.3 7.7 - 6.661
1970 - 81.2 4.8 14.0 11.750
1975 - 65.9 8.7 25.4 15.007
Portugal 1960 - 24.7 75.3 0.968
1970 - - 18.9 81.1 0.385 |
1975 - - 22.0 78.0 0.430
Romania 1960 89.1 10.9 - 1.671
1970 - 62.0 903 28.7 6.517
1975 49.9 12.7 37.4 9.549
United Kingdom 1960 8.0 8.9 6.9 0.1 24.571
1975 - 22.0 27.6 50.3 20.198 |
Sweden 1960 14.0 3400 4800 4.0 30219
1970 3.8 24.4 39.5 3a.3 5.497
1975 - 15.7 40.9 43.4 5.611
Czechoslovakia 1960 3.9 83.8 12.3 - 6.768
1970 2.0 68.3 1.7 18.0 11.480
1975 1.1 64.2 10.9 23.9 14.324
U.S.S.R. 1960 2.7 88.4 4.5 4.4 56.627
1970 1.0 72.6 9.2 17.2 115.889
1975 0.7 64.7 10.0 24.6 141.325
Yugoslavia 1960 - 92.0 8.0 - 1.442
1970 - 73.9 19.3 6.9 2.228
1975 - 62.4 2604 11.2 2.916

Source : U.N.E. and S.C. Steel/GE.3/R.3/Add.1
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3. Factors affecting Process Selections

Of the many different steel production processcs employed in
the past, only a few have survived in the face of stiff competition,
Many decisions have to be made when formulating plans for the estab-
lighment of a new iron- and steelworks, or when considering a major
expansion of an existing works. One of the most important of these is
the process route by which the available raw materials are to be con~
verted into the required product mix.

If the general location of the steelworks is already decided
upon, certain parameters will already be fixed, such as the local
market demand and its pattern of arowth which in turn determines the
size of works and its range of products, cost of the services avail-
able, etc.

The choice of processes is influenced strongly by :

(i) The cost and availability of iron ore and steel scrap;

(i1) The cost and availabhility of coking and steam coal, oil,
natural gas, clectricity, charcoal and other fuels;

(iii) The cost and availability of capital for the purchase
and construction of facilities;

(iv) The availability of trained operative and technical
staff;

(v) Transportation facilities available to move the large
tonnages of raw materials involved;

(vi) Environmental considerations, primarily the disposal
of water and waste rock from mining, and slag from
smelting and refining operations;

(Vii) The possible risk involved in choosing a particular
technology which may be at various stages of development;

(viii) The cost of capital available.

(3.1) Optimum Works Scale:

With the increasing size of most production units, the
optimum size of an integrated steelworks has risen accordingly. There
is no general law governing the economics of works size. Fach individual
cagse must be carefully examined to determine the optimum solution. To
arrive at a suitable works scale, the most economical rolling mill
capacities to match the current and forecast market demands, are first
chosen. Then working backwards through the prooess stages, optimum
capacities of all other production units ape determined.



- 121 -

Table 7 lists the approximate range of economic viability for
the capacities of sume of the major units, illustrating the com-
plexity of the balancing problem.

Table 7 : Approxim-te Ranme of Economic Viability
of some of the Major Units

Production Unit Capacity Range - million tonr:/year
Blast lurnace 1.0 to 4.0 iron
Sintcr Plant up to 8.0 sinter
Coke Ovens Battery up to 2.0 coke
LD Steclmaking Shop up to 10.0 ray steel
Slab Nill 2.0 to 6.0 raw stcel
Bloom I7il1 1.5 to 6.0 raw steel
Continuous Slab Caster up to 2.0 raw stee)
Continuous Bloom Caster up to 1.0 raw steel
Continuous Billet Caster up to 0.5 raw steel
Plate 1#i1] 0.5 to 3.0 steel product
Hot Strip liill 1.0 to 6.0 steel product
Cold Sirip Mill 0.1 to 2.5 steel product
Structural Mill 0.3 to 1.5 stecl product
Bar Mill 0.01 to 1.0 steel product
Rod Mill 0.7 to 1.0 stecl product

- -

Source : SEAISI Quarterly, Jan. 1977

(3.2) cost bata; .-
(1) Besides the technical advantages of OBM process over
LD process mentioned earlier in this peper, Dasturco, Congsultants,
India, have estimated that the capital investment on boitom~blowing
installation is expected to be lower than that on LD shop.

In another study made by the above consultants it has been indi-
cated that the cost of modifyinz existing Thomas converters at the
Helwan Steel Plant in Zgypt to OBM would he approximately at half the
cost compared to that required for revamping with installation of LD
converters, Similarly, the conversion of open-hearth shops by in-
stallation of bottom-blown converters is likely to be more economical
than LD plants.

The consultants have also estimated the following relative in-
vestment costs for different stcelmaking processes inclusive of cost
of oxvgen plant, ingot casting facilities and calcining plant. These
cost figures are given in Table 8.

PN
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Table 8 : Relative Investment Costs
Basis: 1 million ingot tons per year

Process Investment per annual ingot Relative Investment .
ton US3 Index
Open Hearth 15 100
LD a7 63 .
0B:1/1%S(0-BOP) 42 60
Electric Arc Furnace 56 15

Source : SEAISI Quarterly, Jan. 1976

{ii) A study of estimated capital costs of some new steel producing
facilities made by Paul Marshall in 1976 is summarized in Table 9.

Table 9 : Estimated Capital Costs

Capacity in tons/year Cost in $/ton Total in
- million
Provens Sequence Raw Finished Raw |Finished dollars
Steel Steel Steel| Steel
(a) 35 t. EP, Cont.
Caster, hot mill 50,000 47,000 240 255 12
(b) DR-35 t. EF, Cont.
Caster, hot mill 50,000 47,000 340 361 11
(¢) 70 t. EF, Cont. ,
Caster, hot mill 100,000 94,000 230 245 2}
(d) 70 t. EF, Ingot Cast4
ing, hot mill 100,000 85,000 210 247 21
(e) 2-150 t. EF, Cont.
Cast. merchant mill { 500,000 450,000 320 355 160
(f) DR,2-150 t.EF, Cont.
Cast.,merchant mill | 500,000 450,000 426 475 213
, (g) 2-150 t.EF, Ingot
; Casting,primary and
merchant mills 500, 000 375,000 370 500 185 .
(h) 1-150 tpd BF,Coke
oven, 1-100 t BOF,
Cont.Cast.,merchant |
mill 500,000 450,000 610 670 305 . |
(i) 3-200 t.CH,Cont.Cast
merchant mill 500,000 450,000 340 380 170
(3) 3-200 t.EF,Cont.Cast

hot mill,merchant
mill 1,000,000 900, 000 346 385 346
(k) DR, 3-200t,EF,Cont. .
Cast.,hot mill,heavy
structural mill 1,000,000 900, 000 606 670 606
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Table 9 : continued

Capacity in tons/vear{ Cost in $/ton |Total in

million
Process Saquence Raw Pinished Raw | Pinished|dollars
Steel Steel Steell Steel

(1) 3-200t.FF,Ingot cast-
ing,primary mill,hot
mill,merchant mill 1,000,000 750,000 390 520 390

(m) 1-6000 tpd BF,Sinter
plant,coke plant,
2-150t BOF plant,Cont.
Cast.,hot mill,merchant
mill 2,000,000 | 1,600,000 477 600 955

(n) DR,6-200t,EF,Cont . Cast.
hot mill,cold mill,
galvanizins 2,000,000 1,600,000 482 603 965

(o) Pully interrated plant,
BF, Coke plant,BOF, Cont.
Cast.for merchant,bar
and structural mills,
Cont.hot mill, hot and
cold sheet mills, coated

products, plate mill Ja,ooo,ooo 6,000,000 | 675-750 900-1|,ooo 6,000
|

Source : UNIDO/ICIS.25

The above Table shows a wide range of capital cost variations, namely
between $210 and $750 per ton of raw oteel at 1975 prices.

Table 10 gives comparison betwecn index of capital costs for BF-BOF
and DR-EF installations for different plant capacities.

Table 10 : Index of Capital Costs BF-ROP and
DR-EF plants

Index of Capital Cost
' Plant Capaoity in million tons BF-BOF DR-EF
0.2 21} 170
0.} 180 145
0.4 164 ™3
0.5 155 121
0.6 146 114
0.7 140 1M
1.0 129 109
2.0 115 108
3.0 110 107
5.0 100

Souroe UNIDO/ICIS.ZS
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As shown in Table 10, capital conl decreases by about 48
and 37 per cent as plant capacities increase from 0.2 to 3.0 million
tons for BF-ROF and DR-EFF plants, respcctively.

per cent

Tables 11 and 12 show capital costs for a 3 million tons BP-ROF
plant and for 0.5 million tons DR-EF plant, respectively.

Table 11 : Capital Costs 3 million tons BF~POP Plant

Millions! 1Installed Steel- { Gapital fosi
of making capacity Structuice
dollars {dollars/ion) (per cent)
- - . T, S T e et - i - ot W oo S et s e e o .
Coke Plant 168,0 56.0 8.6
Blagt Furnaa. 225.0 75.0 1.6
Bagie Orvien Mirnace 130.0 43.0 6.6
Continuonn Crutors 131.0 2.9 6.6
liixed Rollin: ¥acilities 63,0 197°.0 2940
General Facililies 125.0 47.0 65
Sub-total, fived assein 1,342.0 AAT .0 68,9
Engincerinm, procurement and
inspection (59 fixed assets) o0, 3.4
Administration, advisory and
expediting costs (6" of
fixed asscts) 27.0 4.2
Pre-operating expenses
(3% of fixed asscts) 13.0 2.0
Sub-total, project imple-
mentation and pre-operating
exnrnses 62.0 9.6
Fixed cazpital costs 509.0 78.6
Infrastructural Investments 72.0 11.1
Sub-total, fixed capital
orels plus infrastructure 581.0 89.7
Working Capital (159 of fixed
assets) 67.0 10.3
Interest paid during implementation 42.0
Grand Total 690.0 100.0

B

Source : UNIDO/ICIS.?25
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Table 12 : Capital Costs 0.5 million tons DR-EF Plant

Millions installed Steel- { Capital Cost
of making capacity Structure
dollars (dollars/ton) (per cent)
D.R. (350,000 t) 38.4 77.0 25.5
Electric Furnace (500,000 t) 20.0 40.0 13.2
Six-Strand Caster (500,000 1) 22.5 45.0 14.9
lerchant Bar Mill (450,000 t; 31.5 63.0 20.9
Sub~total,fixed assets 112.4 225.0 74.5

Engineering, procurement and
inspection (57 of fixed
assets) 11.0 3.6

Administrative, advisory and
expediting costs (3% of

fixed assets) 7.0 2.3
Pre-operating expenses (3% of
fixed assets) 7.0 2.3
Sub-total,project implementation 25.0 8.2
Fixed Capital Costs 250.0 82.7
Infrastructural Investment
(15% of fixed assets) 4.0 11.3
Sub-total,fixed capital costs
plus infrastructure 284.0 94.0
Working Capital (8% of fixed assets) 18.0 6.0
Total 302.0 100.0
Interest paid during implementation 10.0
Grand Total 312.0

Source : UNIDO/ICIS.?25

The eatimates given in Tables 11 and 12 do not take into account
costs for mining, power, housing, continpencies and interest paid
during construction period.

(iii) In a study conducted by the UNIDO, the operating cost for
a 3-million tons BF-BOF installation, located in the U.5.4., Brazil,
Western Burope and Japan, has been estimated at $134.70 per ton.




The percentage distribution of the inputs in relation to the
total operating costs, is shown in Table 13.

Table 13 : Cost Structure - BF-BOF
(in per cent)

Blast Furnace Shop Basic Oxygen Steel-

making

Raw Matcrials and Primary Energy 84.7 93.0*
Wilities 1.9 1.0
Labour 5.2 0.8
Overhead 3.3 0.5
Maintenance (4% of investment) 2.0 2.9
Local taxes and insurance 0.1 0.4
Depreciation (5.5% of investment) 2.8 1.4

Total Costs 100.0 100.0

’Liquid metal from the previcus process and transfer costs.

Source 3 UNIDO/ICIS.25
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(iv) The capital investment and operating cost for a 1.71 million
tons per year new eleotric furnace are given in Table 14. Cost figures
for a similar capacity new oxygen furnace are given in Table 15,

Table 14 : Cost Structurc in New Electric
Furnace Shop

Annual Design Capacity: 1.71 x 106 tons
Capital Investment: 865 million

Location: Great Lakes

Units Used in

Units Con-

Costing or sumed ver ton
Annual Cost of Produot 8 /Ton of
Basis $/unit Product
Variable Costs
Raw Materials
reduced pellets ton Fe 102.88 0.75 17.16
scrap ton 80 0.32 25.60
Energy
Electric Power Purchased kWh 0.016| 600 9.60
Electrodes 1b 0.55 10 5.50
Water
Process $COnsumption)
Cooling (Circulating Rate)
Direct Operating Labor
(Wages) man-hr 7.00 0.3 2.10
Direct Supervisory Wages 15% Labor 0.32
Maintenance Labor and
Materials 6% c1 .77
Labor Overhead 35% (148) 0.85
Misc.Variable Costs/Credits
Refractories ‘ 2.00
Fluxes, Oxygen, misc.
nonmetallics 1.00
Metallic Additions 1.50
TOTAL VARJABLE COSTS 127.90
PFixed Costs
Plant Overhead 65% (1+8) 1.57
Local Taxes and Insuranoe 2% c1 0.76
Depreciation 18 years 2.10
TOTAL PRODUCTION COSTS 131.83
Return on Investment (pretax) 20 cI 7.56
TOTAL 139.89

Souroe : EPA-600/7-76-034c-Industrial Environmental

Research Laboratory, USA.
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Table 15 : Cost Structure in New Basic Oxygen Prooess

Annual Design Capacity: 1.71 million tons steel
Capital Investment: 245 million

l.ocation: QGreat Lakes

| Units Used in Units Con-
Costing or sumed per
Annual Cost ton of 8 /Ton of
Basis 8/Unit | Product Product
Variahle Costs
Raw !laterials

Hot Metal (937 Fe) ton 106.42 0.83 88.33

Scrap ton 80.00 0.35 28
Energy

Electric Power Purchased kwh 0.016 30 0.48
Energy Credits (Specify term) 6

Carbon monoxide 10° Btu 2.00 0.44 (.88)
Water

Cooling (Circulating rate) 1000 gal 0.0% 2 0.10
Direct Operating Labor (Wages) man-hr 7 0.25 1.75
Direct Supervisory Wages 15% labor 0.26
Maintenance Labor and Materials 8% c1 2.09
Labor Overhead 35% (1L+8) 0.70
Misc.Variable Costs/Credits

Oxygen ton 10 0.08 0.80

FeMn, Lime, Spar 3.00

Slag Disposal, Hot Metal,

Scrap Treatment 1.00
TOTAL VARTABLE COSTS 125.63
Fixed Costs
Plant Overhead 65% (1+S) 1.3!
Local Taxes and Insurance 4 C1 0.52
Depreciation 18 years 1.45
TOTAL PRODUCTION COSTS 128.90
Return on Investment (pretax) 209, c1 5.23

TOTAL 134.14

Source : EPA-600/7-76-034c-Industrial Envirommental
Research Laboratory, USA.

- e W



(v) Capital cost per ton of stee)l made by the basic oxygen procens
for different capacity plants is shown diagromatically in Pig. 1.

Fig. 1. Capital cost per ton - capecity of basic oxypen furnace

-
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(vi) A recent study made by Jack R. Miller, Iron and Steel Tndustries
Consultant, USA, has shown that for a one million tons per year pla..i tor
producing low-carbon billets, (a) the estimated capital costs of a DR-.F
combination plant were 32 per cent lower than an equivalent BF-BO™ com-
bination, but 28 per cent higher than a steel-scrap-electric furnace
(SS-EF) installation; and (b) production corts were lowest and profitobility
highest for the DR-EF operation. The profitability in this case was 14 per

cent compared with 7.5 per cent for the BP-BOF and 8.4 per cent for the
85-FF processor.

Each of the above process combinations is strongly sensitive to
changes in the availability and price levels of the main raw materials
they oonsume. For the BF-BOF process, the dependency is primarily on
ocoking coal or coke; for the DR-ZF process, the reductant fuel; and
for the SS-TF process, the scrap. The effect of fuel cost changes on

profitability is more critioal in the BF-BOF process than in the DR-EPF
combination,

The consultant considers DR-EF route *o be either equel to or better
than the other two combinations with respect to produot quality, environ-

mental pollution control and flexibility in the choice of rlant site
looations.




4. Yorld steel production during 1975 and 1976, alons with different
country 's percentage contribution to world production are given in

Table 17.
Table 17 : World Raw Steel Produvction
Production x 000 tong | Output per capita kg ' 4 World
Country - - -+~ Output
1975 1976* | 1975 1976" 1976

Burope I
Yest Germany 40,415 42,415 ! 654 688 6.23
Belgium 11,584 12,146 | 1,183 1,238 1.78
France 21,530 23,226 | 407 436 3.41
Ttaly 21,836 23,416 | 341 415 3.44
Luxembonrg 4,624 4,566 | 18,163 12,341 0.67
Netherlands 4,826 5,185 354 371 0.76
Denmark 559 723 110 142 0.11
U.X. 20,198 22,268 361 398 3.27
Irish Republic 81 58 26 18 0.01
Finland 1,618 | 1,646 344 345 0.24
Greece T00 T00 17 17 0.10
Norway 919 1 894 230 222 0.13
Austria 4,068 4,478 541 598 0.66
Portugal 430 428 49 48 0.06
Sweden 5,611 5,213 6 632 0.76
Switzerland 420 520 66 82 0.08
Spain 11,242 1+ 11,058 313 310 1.62
Turkey o464 | 1,770 38 44 0.26

W. Furope 152,125 160,710 398 418 I 23.59
Fast Cermany 6,480 6,650 385 396 0.98
Bulgaria 2,265 2,450 260 280 0.36
Yugoslavia 2,916 2,712 134 126 0.40
Poland 15,007 15,450 438 450 2.27
Rumania 9,549 10,500 451 492 1.54
Czechoslovakia 14,324 14,550 970 981 2.14
Hungary 3,671 3,650 348 344 0.54
U.S.S.R. 141,325 144,900 555 565 21,27
Asia
Bangladesh 100 100 1 1 0.01
Burma 40 40 1 1 0.01
Taiwan 847 1,000 63 61 0.15
China 25,000 26,000 30 31 3.82
Hongkong 70 80 16 18 0.01
India 7,989 9,313 13 15 1.37
Indonesia 100 100 .1 1 0.01
Iran 551 550 18 16. 0.08
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1. Introduction ‘
A drief account of different processes for steel castings, incluwding

continuous casting, has been given in the following pages. Information

sbout the various oontinuous ocasting machines installed in the different

countries, has also been included. The oriterial for selection of s pro-

-

cess including cost data, have also been mentioned.
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20 Steel Cast ing

As regards mechanioal properties are concerned, steel castings are
inferior to wrought-steel products. However, steel castings cover a very
large field and include steelmill service items like charging boxes, blast
furnace bells, cinder pots, rolls for certain type of rolling mills, eto,.,
transport industry items such as casting for couplings, journal boxes,
brake-shoes, cylinders, valves, engine beds, etc., and several hundred
other items of use in chemical, petroleum, mining, agricultural and con-

etruction industries, etc.

There are two classes of castings, static castings, and centrifugal
castings. The static castings are made by using proper type of moulds
and make use of atmospheric pressure and gravity to form castings when
molten steel is poured into the moulds. The centrifugal castings make
use of centrifugal action to perform the function of gravity in static
casting for flow of liquid metal. By the horizontal centrifugal casting
techniques where the mould rotates on a horizontal axis, tubes, pipes,
bushings, sleeves, etc. are manufactured. Cears, piston rings, impellars,
propellers, turbine diaphragms, etc. are produced by the vertical centri-
fugal caeting method. Centrifugal castings are more sound and have fewer
inolusions than those of static castings. The yield is also higher in the
former case.,

The mechanioal properties of cast steels can be developed by suitable
heat-treaiment and addition cf alloying elements. rNickel, chromium, manga-
nese, molybdenum, and vanadium are the alloying elements commonly used for
improving the properties of the castings,

The commcn heat-treatment applied to steel castings are:

Annealing -~ This treatment relieves the tensile and yield atrength and
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increases ductility. Machinability is alsc improved.

Normalising - The treatment is similar tc the annealing process.
Harder steel with higher yield and tensile strength is cbtained. Internal
etreeess are removed by tempering the normalized steel.

Quenching and Tempering ~ These treatments are confined principally
to high-carbon and alloy-steel castings where high strength and resistance
to impact and/or abrasion is required. The eteel is, first annealed or
normalised, reheated and quenched. Tempering treatment follows immediately.

Flane hardening ~ If the oasting is required to have different hardnese
in two different sones of the oasting, such as a pinion gear whioch should
have wear-resistant teeth with a machinable bore, flame hardening technique
ie adopted. The casting is first annealed or quenched and then only the
surfaces to be hardened are heated to the hardening temperature by a toroh
or induction-heating apparatus. The heated parts are then quenched in water.
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3. Ingot Casting:

After a heat of steel is properly refined, the liquid steel ig tapped
into a refractory lined open-top steel laddle. Additions of alloying
materials and deoxidizers are made during tapping of a heat. The molten
steel is poured or teemed into a series of moulds of the desired shape and
dimensions, and after solidification, the ingot is stripped off the mould.

Ingot moulds are of two principal types:

(a) Big-end down; and

(b) Big-end up.

The big-end down moulds are further classified as (1a) open-top; and
(2a) bottle-top. The big-end up moulds are also similarly classified as
(1) open-bottom; (2b) closed-bottom; and (3b) plug-bottome The moulds are
made of cast iron, the inner walls of which may be plain sided, corrugated,
or fluted,

The rate of solidification of molten steel in the mould depends on thick-
ness, shape and temperature of the mould; the amount of super-heat of the liqui
steel; the type of steel and its chemical composition, etc. Presence of pipe
and blowholes, segregation, internal fissures, cracks and non-metallic in-
clusions, etc. are some of the factors which are controlled by appropriate
steps. .

The ingot steel after reheating in soaking pits, is rolled into bloom,
slab or billet. These rolled primary products are then further r:)nod in
the desired shapes and cross-section.
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4. Bottom Pressure Ca.stin;

A process to by-pass the ingot and primary mill stages in the pro-
duction of ﬁought steels, is the bottom pressure cr sting method. A
laddle filled with mother steel is placed in a pressure vessel. This
vessel is covered with a 1id in which a pouring tube is inserted that
dips down into the mother asteel almost to the bottom of the laddle. A
gooseneck connects the pouring tube to the mould in the casting position.
When air-pressure is applied to the pressure vessel, molten steel rises in
the pouring tube and gooseneck and enter the mould. The rate of casting is
controlled by regulating the pressure of air,

The mould is enclosed in a flaste which has a gate that retains the mol-
ten metal in the mould after the cast is completed. The gate is closed after
the mould has been filled and the pressure vessel is then exhausted to the
atmosphere, After the casting has solidified the mould is removed by strip-
ping machine. Where the drag and the casting are separated from the oope,
The casting is then separated from the oope by special maohines and placed
on the oooling oonveyor,
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Se Continuous Cutig
Until reoently, steel in the form of blooms, slabs, and billets,

was produced mainly by hot rolling of ingots to produce blooms and slabs.
Billets resulted from the further hot rolling of blooms. However, some
bloons and slabs are still produced by other means of hot working, suoh
as forging bty hammering or pressing.

Researches and development in many oountries, resulted in industri-
alisation of the method of continuous oasting of molten steel direotly
into the form of slabs and billets, by-passing the ingot stage and the
neoessity for hot rolling operations.

The attraotiveness of casting molten steel oontinuously into useful
shapes, led to a long series of attempts to develop various designs of
machines. The problems posed due to high melting point, high speoifio
heat and low thermal oonduotivity of steel, were gradually overoome.

When molten steel oomes into oontaot with the walls of the water-
cooled mould, a thin solid skin forms. Due to thermal oontraction, the
skin separates from the mould shortly after solidification. The rate of
heat abstraction from the casting being slow, molten steel persists with-
in the interior of the section for some distanoce below the bottoa of the
mould. Ths thickness of the skin increases due to the action of water
sprays as the casting moves downward amd, eventually the entire is solid.

The mass of solid steel oasting is lt:pportqd as it desoends by
driven pinch rolls that also oontrol line speed by ocontrolling the rate
of withdrawal of the casting from the mould. Oscillation of the mould
up and down for pre-determined distances at controlled rates during oast-
ing eliminate temdenay of sticking of the oasting in the mould,

[ — \’j’
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The successful application of the continuous casting process in
8 steel plant is dependent upon many factors other than just mechanical
equipment and the feasibility. Some of the important factors which
would determine the number of casting strands or laddle position, are:

(i) tons of liquid steel per heat; or in other words, size of
the furnace
(4i) <tap to tap time of the furnace
(i14) possibility to programme the tapping time
(iv) total tons of steel to be cast per day
(v) shape of cast product
(vi) oasting rate.

The tapping temperature of steel is general!y between 1650°C anmd
1690°C for concast operaticn depending m .Le life of the furnace re-
fractory and tap hole conditior. This is about 309-40°C hotter as com-
pared to steel tapped for small ingot-making.

The desired physico-chemical properties of billets produced by the
conventional method is attained by close control cf the process beginning
from the ingot making stage, soaking and rolling. During the soaking and
rolling stages, homogenity of cast structures are obtained by diffusion
processes. On the other hand, the physico-chemical properties cf billets
produced by the continuous casting process exhibit properties on the as
cast condition. For obtaining properties of finished products using con-
tinuous cast billets comparable to those products using conventionally
produced billets, the following factors must be carefully examined as
necessary tools in accomplishing the above menticned osbjectives:

(a) Surface configuration which include among n+ , deformation

and bending
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(v) Surface defects such as pinholes and oscillation marks

(o) Scum

(d) Cracks - internal, longitudinal and transverce

(e) Segregation of components

(f) Kinds and distribution of non-metallic inclusionms

(g) Reduction of cross-sectional area

(h) Grain size

(1) Patigne

The following are the principal types of continuous casting machines
in commercial use:

(1) Vertical type: The casting is supported in a vertical position

and the continuous length of casting is parted by gas cutting in the verti-
cal position. The cut-off piece is received by a tilting basket mechanism
that lowers it to a horizontal position. Since the machine height is 17 m
or more, this type of oontinuous caster require a tall building or deep
pit.

(ii) Curved type: In this machine, the solidified product after
cooling by water spray is bent by a series of rollers, from vertical to
horizontal position. Cutting off is aocomplished on the horizontal cast-
ing. The machine height is thus reduced to about 10 m and consequently
the building height.

(1i1) Bow type: Curved mould is employed in this type of machine,
which is in cscillation. The cooling chamber 1.‘;1.0 ourved. The height
of this machine, is therefore, reduced to one-third or less than that of
the vertical type of machine.

Pre-heated and insulated laddles and tundish are used. The latter
may have one or more nozsles that feed the metal to the mould which is

made of ocopper and is cooled by copious amounts of water.
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5«1 Growth pattern of Continuous Casting

The growth of continuous casting has been phenominal during the
last two decades. Vertical machines requiring buildings of great height,
are now coupled with bending and straightening devices and curved-mold
asseably. The speed of withdrawal has risen to 1.5 - 2.0 m per minute
for slabbing machines and from 2 to 4 per minute for square sections.
Thus hourly outputs per strand are 200 tph for flats and 15-36 tph for
square sections. Uninterrupted series of more than 200 heats have been
possible with the usage of improved distributor refractories, rapid
changeover systems for closing mechanisms and proper synchronization
of processing furnaces and casting machines.

Table 1 shows the trend in the growth of continuous casting.

Table 1: Crowth of Continuous Casting

World Steel World Casting Percentage Share
produotion Capacity Annual Orowth of Continuous
Year in in b Casting in Steel
million tons | million tons pe Production
1955 266 0.38 34 0.1
1960 325 1.65 42 0.5
1970 599 57.40 20 9.6
1975 646 140.00 21.5

Source: ECE - Steel Comnmittes/GE 3/R.}

It is estimated that by 1980 nearly one third of all the steel
production in the world, will go through the oontinuous casting route.
Over 50 per cent of the machines now in use produce billets, about
20 per oent are for blooms and the rest make slabs.

Continuous ocasting accounted for 30 per cent of the steel output in
Japan in 1975, and 20 per cent in Italy, Spain, and the F.R.G., 15 per
cent in Prance and less than 10 per cent in the USA and USSR. There

were 651 countries in 1976. It has been estimated that by the end of



F—

1977, there will be 734 mills in 66 ocountries.

The utilisation rate (output/production oapacity ratio) om global
besis, has risen from 38.5 per cent in 1970 to 64 per cent in 1974.
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5.2 Continuous cutg_‘ Installations:

There are more than twenty manufacturing firms, marketing con-
tinuous casting machines of basioally one of the three major types
but incoporating special design features of their own. More than half
the number of machines in operation, are of Concast make, followed by
Demag, Danieli, Mitsubishi/Olsson, VSest-Alpine, Koppers, eto.

Table 2 lists the oontinuous casting machines in the world in-
dicating number of strands, casting dimensions, oapacity, maker's name,

produots made, eto.
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For the production of seamless pipes, world's largest centrifugal

continuous caster, has been installed at the Keihin works of NKK in Japan,

Billets of 120 to 240 mm diameter are produced in a four strand caster

and the monthly production cepacivy is 27,000 tons. Other relevant parti-

culars of the continuous caster, are as follows:

Coster height -—
T™undish —
Mould —

Withdrawal —

Metallurgical height —-

Overall height 34.8 m
Capacity 12 tons

Cu - Cy alloy mould;

455 long;

Cooling 110 t/hr/strand;
Lubrication, rape seed oil;
Rotation, 120 rpm max;
Oscillation, 140 cpm max;
Stroke, 26 mm max;

3.5 m per minute, max;

16,5 m.

The yield of sound billets is 89 per cent and the length of billet

is kept within ¥ 0.5 per ocent.
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5¢3 Choice of Process:

There are a number of technical and economic factors which influ-

ence the decision to choose one of the three processes of casting, namely,

(i) Conventional small ingot casting practice

(ii) Conventional large ingot casting practice

(iii) Continuous casting.

The parameters influencing the choice of the process are:

(a)
(b)
(c)
(a)
(e)
(1)
(8)
(h)

production scale

type and quality of product

materials yield and balance

investment and energy requirements
operating costs

manning

technical requirements in supporting sectors

management and control requirements

The conventional ingot casting/primary mill route involves con-

siderable cost sources. With continuous casting the two independent

functions, namely, casting and primary rolling, are combined into one

simple process. The operation involved in the two processes, are re-

presented in Table 3.
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Table 3: Steps in two processes

Ingot Casting/Primary Mill

Continuous Casting

1.
2.
3.
4.

5e
6.

Te

8.
9.

10.
1.

12,

F‘urnaée tapping

Laddle transfer to casting pit
Casting into moulds

Transfer of the ingot moulds to
the stripper yard

Stripper

Transfer of the ingots to the pit
or pusher furnaces

Ingots placed into pit or pusher
furnace

Heating the ingots

Transfer of the ingots to the
primary mill

Primary rolling

Grinding of the rolled products

Transfer to the rolling mill

1.

2,

3.
4.
5e

Furnace tapping

Laddle transfer to casting
platform

Continuous casting

Subdividing of the cast strands
Transfer of the cast material

to the rolling mill

The applicability of the three processes to different types of steel

products, is shown in Table 4.
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Table 4: Applicability of the three processes to different types of stecl product

ool kol Lt
breakdown
Reinforcing bar yes (1) yes (1) yes (1)
General Structur.l bar and section yes (1) yes (1) yes (1)
Low-carbon wire rod yes (2) yes (1) yes (1)
High-carbon wire rod yes (2) yes (1) yes (1)
Cold-drawing quality Doubtful yes (3) yes (4)
Cold-heading quality Impossible yes (5) yes (4,5)
Mechanical Structural carbon steel Difficult yes (5) yes (4,5)
Low-alloy steel Impossihie yes (5) Doubtful
High-alloy and Stainless steel Impossible yes (3) Doubtful

Notes: (1) Easily applicable

Source: S.Kojima - _","‘1 Interregional
Symposium on I. and S. Industry,

(2) oOnly applicable for low quality level

(3) Surface conditioning required

(4) oOver 150 mm square bloom recommended; surface

conditioning required

(5) Surface conditioning and guaranteed internal

quality required.

Brazil

The energy requirements for blooming mill and continuous casting are

35-55 Kwh/ton and 10-30 Kwh/ton, respectively. Water requiremant is more

for continuous casting installation, namely 12-18 m3 per ton per hour as

against 4-7 m3 per ton per hour for blooming mill.
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However, continuous casting can not be applied universally for
the entire range of a flat-product mix. For all outputs, there are
often local factors to he examined in making the choice. The most
critical considerations are those of scale and volume, yield and capital
cost and, the steel quality., Continuous casting does not produce a satis-

factory rimmed steel slab or bloom.



-
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5.4 Cost Data

Investment costs depend very largely on geographical conditions,
layout of the plant, product range, tariffs, economic policies of the
country, local market costs, freight, labour costs, etc. These factors

vary greatly from country to country.

The small ingot process is labour-intensive, requiring more
employees per ton of production and increasing markedly as the output
rises, The large ingot blooming process is a large-scale one, and so
an increase in capacity utilization can effectively increase the
productivity per employee. The continuous casting of square section

products has a production limit per machine of 500 - 600,000 tons.

(i) A comparative idea of operating costs for the three processes
is given in table 5. However, it may be mentioned that the figures
should be taken as indicative only. The current actual cost per ton
would be more due to escalation and inflation. Since there will be
variations in the local prices for copper moulds for continuous
casting and for blooming mill rolls, comparison of operating costs,

be comes only an approximation.

Table 5: Relative operating costs for the three process.

n i i -

Process Items Consumption Cost, US$ per ton
Small Ingot | Bricks and refractories 7.0 - 10.1 Kg/t
Mou'ds and plates 8.9 - 15.3 Kg/t
4.2 - 5.8
Large Ingot | Bricks and refractories 7.2 - 15.0 Kg/t
Blooming Moulds and plates 8.4 - 16.6 Kg/t
Heavy fuel oil 20 - 40 1/t
Folls 0.4 - 0.7 Kg/t
Eleotric power 35 - 55 kwh/t
6.6 - 10.4
Continuous | Bricks and refractories 5.0 - 18,0 Kg/t
Casting Moulds 70 - 500 heats/moulds
_3.0 - 4.8

Source: S. Kojima - 3rd Inter-regional Symposium on I and 8
Industry, Brazil.
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The above figures show that the operating costs of continuous
casting, are the lowest, the emall ingot process comes next, and the

large ingot blooming process is comparatively, most expensive.

(ii) Arthur D. Little Inc. have estimated capital investment for
continuous casting plant to be about Us$800,000 for a 300 tons per day
plant and about US$4,000,000 for a 4000 tons per day continuous caster.

(iii) H. Fastert and R. Gautschi (3rd Interregional Symposium on
Iron and Steel Industry, Brazil, 1973) estimate investment cost per
ton of installed capacity for a slab casting machine of 6000 casts

per annum, to be 30 per cent lower than for the conventional process.

(iv) R. Missbach and J. th. Wasmuht (ID/WG.146/68) in a study
have worke’ out comparative capital cost figures for continuous casting
projects and the conventional process for different capacities. The

information is summarized in Table 6.

Table 6: Comparative Capital Costs

i Y

Plant capacity, cost Conventional pouring Continuous casting
and yield factor route route

0.8 million tons per year

Capital cost, per cent 100 45 -55

Yield factor, per cent 83 approx. 97 approx.
1.2 million tons per year

Carital cost, per cent 100 65 - 75

Yield ratio, per cent 87 approx. 96 approx.
1.5 million tons per year

Capital cost, per cent 100 80 -90

Yield ratio, per cent 85 approx (killed 95 approx.

steel)

(v) Ina survey made by the Organisation for Economic Co-operation
and Development on Continuous Casting of Steel in the USSR, it has been
stated that the cost of converting liquid steel into cast slabs, is
about 25 per cent less than oonverting it into rolled slabs and the
casting process costs could be reduced further if the productivity of
the machine could be increased by introducing new steelmaking equipment.
At prerent for the plant at NOVO Lipetak, two electric furnaces with
25 MVA transformers produce steel which is continuously cast in two




twin-strand machines. The steels generally cast are transformer and

dynamo steels, rimming carbon steels, killed carbon and semi - killed
carbon steels in various slab sizes which overall range from 24% x‘i%
to 405’ X6 %’ inches in section. Typical casting speeds quoted are

in the range 32 - 36 in/min for the large slabs.

The two machines, when operating with 90 - 95 ton capacity
laddles, have produced up to 800 tons in 8 - 9 casts/day.

The consumption of liquid metal/ton of slabg of transformer
steel has been found to be respectively 26.3 ard 24.3 per cent lower
than at Kuznetsk and at Dneprospetsstal and Zaporozhstal taken together.
The process conts in the arc furnace shops, on the roughing mills, and
the expenditure on deoxidizers and addition materials at kuznetsk
amount to 21.0, 5.9 and 2.2 roubles/ton in total. At Dneprospetsstal
and Zaporozhstal, these amount to 24.4, 6.8, 2.3, giving a total of
34.0 roubles/ton. Hence, the saving for continuously casting the slabs
is estimated at 7.7 and 8.3 roubles/ton respectively. The difference
in costs for continuously cacting the metal, uvlus scarfing the cast
slabs as against casting ingot ard ro ii:vr on a slabbing mill is
given at an average of 0.8 roubles/lon ¢f cast slabs so that the real
saving in these comparisons is placed at 8.9 and 9.1 roubles/ton.
This saving in co:i is expected, however, to increase still further

with increase in the production of cast slabs.

The economic advantage of changing over to continuous casting,
whilst largely due to the increased yield of sound metal or reduction
in metal waste, also includes a reduction in the ouxtra capacity of
steelmaking units and roughing mills which would otherwise be required
to meet the planned rates of expansion. There would, therefore, be
corresponding savings on these operations as well as reduced consumptions

of de~oxidisers and flux materials on the liquid metal that is saved.








