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INTROOUC rION 

Basic Ideas Concerning Technologies to be Adopted by Deve
loping Countries 

Summary 
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INlROOUC HON 

Basic Ideas Concerning Technologies lo b~ Adopted by Deve
loping Countries; 

Mini steel planls or small scale steel ~!anlsl lnlegraled 
or nol, are lhe besl solutions for Iron ~nd s eel Industry 
In developing countries lo bolh flal dnd non flal pro
ducts • 
Anyway, the adopted technology must allow the use of lo-al 
resources and asslmllallon by lhe available human resour
ces loo • 
In general, lhe conception of the e~gln~erlng role In de
veloping countries Is • 
l•L slep : knowing how lo c~py lhe existing technolo

gies, adapting them lo the rP.~ources and human 
conditions of lhe regions (countries) where they 
will be erected. The Intensive use of local re
sources Is fundamental for a developing objecll
vei 

2~d step : rhe development of new t~chnologles for the 
Intensive and, If possible, exclusive use of the 
national resources. 

When there Is an effort lo adapt ex1~~1ng lechnolog!es, a 
great parcel of the second step Is ~lready elaborated. 
If people of a counlry do not know ;ww to adapl an econo
m I cal and technological model, whlc· ffiay allow them to ma
ke a good use of their own resource~, lhey will never be 
developed even If they are given lr1terhallonal help. 
for exampie, In steel Industry and energy, the technologi
cal models valid for developed countries may nol be advl
sa~le for developing ones because they may lead to a total 
foreign dependency that, In Its l~rn, will prevent the de
velopment. of a mode 1 event.ua l ly letter s•J I ted lo loca 1 
condltlo~s (that. means "not to knc·~ how lo copy") (0) . 

Summary 

The better known lronmaklng proc~~ses are dlscus~ed and 
class If led In Indirect. Processes, Direct. Processes and Di
rect Smelling Processes. The Importance of t.he charcoal 
blast furnace for developing co~ntrles Is demonstrated. 
Develop~ent of the Direct. Smeltln9 Processes - all of them 
p I g Iron producers - Is also ana 1 !.sed • 
Steelmaklng Procc:;.:.es are clas.r.lfled as follows: Optn 
Hearth furnaces, Oxygen Processes and Electric Processes . 
The Optn Hearth Is belns replac~d by olher steelmaklng 
pr{lcesses. 
Erection or expansion of steel plants In developing coun
tr I es .should meet the follow Ing cond It. l,ons: 
- make lntenslv~ use of domestic resou~ces 
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- be based on updated and proven technologies 
- demand relatively low Investment 
- be tailored for the national or regional market, with an 

eventual surplus for export . 

The actual tendency In steelmaklng for the route hot metal 
production/oxygen steelmaklng processes Is explained . 
A final decision, however, can also be taken once the spe
cific conditions of the case ilnder consideration are well 
known. 
In general terms many technologies may be considered 
"newly developed", In spite of being well known, because 
they are being modernized In order to k~ep competitive 
with really new ones. . 
The developing countries should adopt the following tech
nologies, feasible because they are well known, proven, 
updated and competitive: 
- Ironmaklng processes: small coke blast furnace, charcoal 

blast furnace, low shaft electric furnace, rotary kiln 
processes (as the SL/RN process), gaseous reductant di
rect reduction (MfOREX and HYL Ill) and direct smelling 
p\ JCesses (COMBISMELT and COREX) . 

- Steelmaklng processes: oxygen steelmaklng, specially the 
EO~ process, and electric arc furnaces. 

The Importance of kno~lng about scrap availability ls 
stressed, before dimensioning the lronmaklng plant and de
fining the technological route for steel production. 
The main data and cons~mptlon figures of the better known 
lronmaklng and steelmaklng routes are given • 
Finally, an Indication Is made of the steps lo be followed 
In a comparative evaluation of the different Iron and ste
elmaklng processes. Such evaluation will lead, on a first 
approach, to the best technical and economical route for 
steel production under a set of specific site conditions. 
Tt1ere exist wellknown, proven and low Investment technolo
gies lo be adopted by developing countries, even on small 
scales of production . 
rhere Is no general solution. Each case has to be Indivi
dually analysed . 
Attention to the development of continuous casting proces
ses Is strongly recommended. There are many Improvements 
under way In the billet continuous casting, whereas the 
new thin strip conlln~ous costing promises lo be a solu
tion for the fl&l product mlnlmlll (abl. 500.000 lpy). 
A complement for small scale flat production ls the HSRC 
(Hot Strip Reversing Compact) developed by Yoest Alpine . 

______ ,.., _________ , ____ _ 
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2. lRON MAKING PROCESSES (IRON ORE PRODUCTION PROCESStS) 

2.1 Indirect Processes 

2.1.1 Coke Blast furn~ce 

2.1.2 Charcoal Blast furnace 

2.1.3 Low Shaft Electric furnace 

2.1.4 Self Reducing Pellets or Carbon-Bearing Iron Oxide Pell~ts 

2.2 Direct Processes 

2.2.1 Rotary 'lln Processes (Solid Reductant) 

~ 2.2.1.1 SL I R~ 

2.2.1.2 KRUPP - COOIR 

2. 2 .1. 3 AC CAR 

2.2.1.4 D R C 

2.2.1.5 TISCO Process 

2.i.2 Retort Processes (Solid Reductant) 

2.2.2.1 HOGANAS 

2.2.2.2 KINGLOR-MErOR 

2.2.3 Shaft furnace Processes - Moving Bed (Gaseous Reductant) 

2.2.3.1 M I D R E X 

2.2.3.2 H Y L III 

2.2.3.3 N S C 

2.2.3.4 A R M C 0 

2.2.3.5 PUROfER 

2.2.3.6 Wlberg-Soderfors I PLASMAHED 

2.2.4 Shaft fLrnace Process - Static Bed (Gaseous ~eductant) 

_____ ._._._, ·---------------------' 
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2.2.4.1 HYL I 

2.2.S Flu:dlzcd Bed Processes (gaseous Reduclanl) 

2.2.5.1 H I 8 

2.2.5.2 f I 0 R 

2.3 Direct Smelling Processes or Indirect Processes . 

2.3.1 COMBISHELT 

2.3.2 COREX 

2.3.3 S C (SOMITOMO) 

2.3.4 C 0 I N 

2.3.5 KAWASAKI 

2.3.6 INREO 

J...-1111~.._-~ 2 • 3 • 7 ELREO 

• • 2.3.8 PLASMASMELT 

• • • • • • • • • • • • • • • • • • • • • ..._ ___________________________________________________ __ 
A 
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IRON MAKING PROCESSES (IRON ORE REDUCTION PROCESSES) 

In the Iron ore reduction processes the Iron ore, 
with a reducing agent under suitable conditions of 
rature and pressure, producing metallic Iron. The 
lion processes are classified as follows; 
- Indirect Processes 
- Direct Processes 
- Direct Smelling Processes 

Indirect Processes; 

reacts 
tempe
t·educ-

In these processes, the reduction of the ore, the melt of 
the burden and the carbon absorption by the melt occur all 
In the same equipment.The product Is liquid hot metal, 
which after solldlf lcatlon Is called pig Iron. An average 
a.•alysls for steel grade pig Iron Is (1); 

Fe= 94,71 i 
c = 4,20 x 
SI = 0,60 X 
Mn = 0,30 i 
P = 0,14 i (max.) 
S = 0,05 i (max.) 

In case of foundry grade pig Iron the percentage of SI Is 
higher. The Iron ore gangue Is slagged off, together with 
charged additives • 
The main uses for the pig Iron , as a raw material are In 
the foundry and steel Industry. for oxygen steelmaklng 
processes It Is the Indispensable raw material having al
so growing Importance for the electric steelma~lng proces
ses . 

The following are the best known processes for pig 
Iron production: 

Coke Blast furnace; 

The blast furnace Is expected to remain the world's chief 
source of Iron units for steelmaklng, as long as adequate 
supplies of suitable coking coals rem~ln available al com
petitive cost (2). Iron-Bearing Matet·lals - The major raw 
materials are ore, sinter and pelle~s. As a rule th~ Iron 
bearing materials are screened In order to remove f Ines 
and to Improve burden permeability, thus Increasing wind 
and production rates and allowing smooth burden movement • 

rhat portion of the ore which Is too fine to be char
ged directly Is usually agglomerated In a slnterlng plant . 

Pellets are agglomerates made from very f lne Iron ore 
concentrates (minus 0;074 mm or minus 200 mesh), to which 
a small quantity of fuel and a binder have been added. (2) 
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Coke - The main function of coke Is to produce the heat 
required for smelting as well as to provide the chemical 
reagents carbon and carbon monoxide f~r reducing the Iron 
ore. In addition, It supplies the cat·bon dissolved In the 
hot metal (about 40 to 45 Kilograms per metric ton of 
Iron, equivalent to 80 to 90 pounds per net ton). Since 
the coke retains Its strength at temperatures above the 
melting temperatut·e of pig Iron and slag, It provides the 
structural support l~at keeps the unmelted burden mate
rials from falling Into the hearth. Because of chemical 
equilibrium limitations, the carbon monoxide produced In 
the blast furnace cah not be completely consumed In the 
reduction of the burden. Therefore, the gas leaving the 
top of the furnace contains suff lclent carbon monoxide le 
have a calorific value of 3 to 4 million joules per normal 
cubic metre (715 to 955 kcal/Nm~). This gas Is used to 
preheat the blast and to generate power for driving the 
blowersi thus, much of the energy Is returned to the blast 
furnace. The excess gas may be used In other sections of 
the plant. 
fluxes - The major function of tht fluxes - limestone 
and/or dolomite - Is to combine with the roke ash and the 
gangue from the ores to make a fluid slag that can be 
drained readily from the furnace hearth. The ratio of ba
sic oxides must be controlled carefully to preserve the 
sulphur-holding power of the slag as well as the fluidity . 
In Instances where the acids In the coke ash and ore gan
gue are not sufficient to make enough slag volume, ~lllca 
gravel or quartzite Is added with th~ charge • 

lion 
high 
10%, 

To feed the giant blast furnaces the burden prepara-
1 s critical. The Iron-bearing material must present a 
f~ content and the coke ash should not be higher than 
whereas sulfur should be as low as possible. 

Regarding dally production, there are blast furnaces 
from 180 tpy to more then 10.000 tpy of hot metal. In the 
last decades the concept of blast furnace meant giant 
units with 1, 2, 3 and even more millions of tons of pig 
Iron per year, aiming at a "scale economy" which nowadays 
Is questioned. In many situations, smaller coke blast fur
naces are the better technical and economical solution . 

Tf a developing coJntry Is able to organize the ne
cessarr supply of Iron ore and coke, a small scale blast 
furnace probably will be the solution for Iron and sleel
rnak Ing. Of course, It Is necessary lo lower the Invest
ment, but a good design may achieve this condition . 

Right now a brazlllan engineering company Is develo
ping a technical and economical feasibility study for an 
lndlan company to erect a coke blast furnace for ·60.000 
tpy of foudry pig Iron. The study Is under way and the 
f lrst f lgures lead to very favourable f lgures. 
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Table 1 shows a complete list of the brazlllan coke 
blast furnaces. All of them belong lo government owned 
companies (3) . 

Table 2 shows the brazlllan production of pig Iron by 
company ( 4) . 

Table 3 shows the brazlllan production of pig Iron by 
process (5). More than 60 i of the brazlllan production of 
pig Iron comes from coke blast furnaces. As lhe coking 
coal reserves of the country are limited In quantity and 
quality, It Is necessary lo Import large amounts of coking 
coal. In 1986 the consumption of coking coal was 9.564 x 
1o~t, 1.150 x 1o~t of which were domestic and 8.414 x 
1o~t Imported. In short, this technology led lo a strong 
foreign dependence • 

Charcoal Blast furnace 

The production of pig Iron In the charcoal blast furnace 
may be a good solution for several developing countries, 
where the conditions for reflorcslatlon are favourable. 
Quite a few countries of Lalin America, Africa and Asia 
present such conditions . 
Some advantages of this Iron making route are; 
Well known l~chnology 
Easy operation and high reliability 
High quality pig Iron 
Lower Investment 
Employment for a large number of people from the rural po
pulat Ion • 

Fig. 1 shows a section oflhe Charcoal Blast furnace . 
The Charcoal blast furnace presents some basic differences 
towards the coke blast furnace, as follows (6): 

Ternpe.,·a lure; 
Temperature In the reserve zone Is about 150°C lower 
(800°C as against 950~C) In the charcoal than In the 
coke blast furnace . 
Residence Time: 
Residence lime of the ore In the charcoal furnace Is about 
half that of the coke blast furnace . 

Ore In Burden: 
Since charcoal has a much lower apparent density (230 
Kg/m~) than that of coke (500 Kg/m~), the volume taken 
by the ore In the charcoal blast furnace (lSX) Is about 
half that In the coke blast furnace i30X). This factor, 
together with the differences between charcoal and coke, 
account for the following peculiarities: 
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• The char·coal blast. furnace demands a highly l"educlble 
ore or agglomerate . 
• The charco~l blast furnace Is less demanding In 
lo lhe size and crepllallon properties of lhe ore, 
lhe gas flow Is reore affected by lhe reduct.ant lhan 
or·e . 

Blasl Temperature; 

t·egar·d 
since 

by the 

The blast temperature In charcoal blast furnace Is llmlled 
lo around 850°C. 
Higher temper·at.•Jres lead lo a r·ltt:e~· top gas, with no 
further decrease In the "coal rate" . 

Slag; 
Charcoal bl•st fur··ice Iron Is known lo be of higher grade 
than that of coke blast furnace, because of lls lower 
sulphur content. This Is particularly true In Brazil, whe
re low phosphorous Iron ore produces an Iron which Is low 
In both sulphur and phosphorous. furthermore, the low ash 
content. (abt. 3X) reduces the charcoal blast furnace slag 
volume up to 120 Kg/t, wlt.h low baslcit.y (usually 0,9), 
allowing additional energy savings . 

Refractory; 
The lower blast temperature means a lower flame temperatu
re and lo~er strain regarding the lining, which may be of 
cheaper quality (SOi Al~O~). As a further consequence, 
cooling Is limited lo shell cooling with no need of boxes 
and other cooling devices . 

Top Gas Temperature; 
Also the lop gas temperature Is lower In the case of the 
charcoal blast furnace; 90QC to 120°C, as against 150 
to 200QC for the ronventlonal coke blast furnace . 

Use of Sinter; 
As shown by (4), the replacement of screened ore by sinter 
does not result In any charcoal savings unles! the furnace 
Is operating In the so called "critical productivity range 
(27 to 33 t/m~-day). Even In this range, the saving ls 
sma 11. 

Size; 
The charcoal blast furnace has an upper limit as to Its 
size, mainly due to low mechanical resistance of the char
coal. There are only three such furnaces In the range of 
800 to 1200 tpd, which Is the top size. Another four or 
f Ive furnaces have a capacity of 400 to 500 tpd, one of 
them being the new furnace started up !n early 1986 with 
several Improvements. All others, totalling over 100 fur
naces, have a capacity between 60 and 200 tpd . 

Blast rreheatlng; 
The small size of the charcoal blast furnace and Its lower 
blast temperature 
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make It possible to eliminate the conventional stoves for 
blast preheating, subsll~ulng them by metallic heat ex
changers called hglendons•, which cost subslanclally less . 
The few already mentioned furnaces bigger than 400 lpd, 
however are outf ltted with stoves, with the exception of 
lhe most modern one, already mentioned, which operates 
111th glendons giving aoo••c 1:1 lhe blast . 

fans • 
Because of the lower density of the charcoal lhe permeabi
lity of the burden Is better and consequently lhe pressure 
drop through lhe furnace Is low (3 lo 5 m of waler co
lumn). Simple fans In series may therefore be used lo pro
vide the tlasl air, In lieu of heavy blowers . 

Inves~ment • 
The small size and simplicity of the charcoal blast furna
ce, with Its simple air blowing and healln& devices, unex
penslve Instrumentation and gas washing, almost manual pig 
caster, simple raw material handling and storing and 
low-cost refractory lining demands very low Investment. 
This Is In the range of about US$ 50.00 lo 60.00 per ton 
to yearly capacity, as against US~ 120.00 to 150.00 In the 
case of the conventional coke blast furnaces. 
See Annex 1 "The Charcoal Blast furnace In BrazllM - ABM 
Octobet· 1987 . 
As Annex 2 the article "Operating Experience With Charcoal 
Blast furnace nad EOf Steelmaklng In Brazil". 
H. C. Pfeifer and 0. E. Slm<J'es - International Conference 
on Alternative Route~ for Iron and Steel under Indian Con
dit Ions. 8-10Lh February 1988-JAMSHEOPUR India . 

Usually the charcoal blast furnace Is fed with natu
ral pellet ore. The use of sinter or pellets, when availa
ble, Improve the operation. The Immediate analysis of 
charcoal Is the following • 

Fixed C 70 - 75 i 
Volatile Matter 20 - 25 i 
Ash 3 - 5 i 
P (as P~O~) 0,06 - 0,08 ~ 

and the consurnpt I on per ton of p I g Iron Is; 

Net quantity charged lo furnace 
Fines recovered (below 9,5 mm) 
Losses 
Gross quantity 

.rn.:.c 

2,90 
0,35 w.s 
J, :>O 

kg/t 
(dry basis) 

640,0 
123,0 
35 0 

{"9]~ 

Brazil Is the major producer of charcoal pig Iron and the 
Individual capacity of blast furnaces In operation varies 
from 20.000 tpy to 350.000 tpy pig Iron . 
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During 1986 the production of charcoal pig Iron was 
the following; · 

Total Production 
Integrated steel plants 
for export 
for domestic sales 

7.550.533 t 
3.129.050 t 
2.369.822 t 
2.051.661 t 

With the exception of ACESITA which Is government owned, 
all other brazlllan charcoal pig producers are private 
companies • 

Vanishing natural forests and growing cost of refo
restation are leading lo efforts to Improve the eff lclency 
of charcoal lronmaklng, by measures aiming al Improvements 
In reforestation, charcoal making and blast furnace cons
truction and operation, all of them tilrected lo decrease 
specific charcoal consumption . 

In 1978 UNIOO sponsored and Issued a extensive paper 
about charcoal lronmaklng (7). The Issue of a new, updated 
edition of this document would be highly recommendable. 

In a recent paper (8) an analysis Is made of the ef
fect of all possible Improvements In reforestation, char
coalmaklng and blnst furnace construction on the specific 
charcoal consumption. The paper shows that these Improve
ments, a!l based on already existing technology, may In
crease 3,8 times the yearly production of pig Iron with 
the charcoal produced on o~e hector of land. In other 
words, a conventional charcoal blast furnace (60.~00 to 
150.000 tpy) today produces 3,5 tpy of pig with the char
coal from 1 hectare of reforested area on a continuous ba
s ls. Once all Improvements are accomplished, such produc
tion may reach as much as 13,4 tpy. 
·rabies 2 and 3 give the brazlllan production of pig Iron 
for each company and by process. Table 4 gives the steps 
to decrease the charcoal consumpt'on (8) . 

Low Shaft Electric furnace Process. 

A low shaft electric furnace (LSEf) ts used In this pro
cess to reduce Iron ore and produce liquid pig Iron. Figu
re 2 shows a schematic representation of the low shaft. 
electric furnace. The furnace consists of a melting cham
ber with three or more consumable electrodes. Openings are 
provided In the roof for charging the burden of agglomera
ted or lump ore, coke or charcoal or coal, and limestone 
( 2) • 

The LSEf Is a good solution for developing countries 
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with availability of cheap electric energy, since ll Is a 
well known technology with high reliability . 

According lo a paper presented ~o the World Bank, In 
November 1977, by MAHNESMANN/OEMAG/MIOREX/IKOSA (9), the 
consumption of charcoal Is 1,6 .~ per ton of pig Iron 
(abt. 423 kg). Off gas Is about 1,5 Gcal per ton of pig 
Iron with 2.500 kcal/NM~, and may be used as reducing 
gas In direct reduction processes or as fuel • 

of a 
been 

fhe process allows the use of high ash coke. The use 
domestic coke with the following analysis has already 
proposed to a brazlllan company; 

C fix (dry basis) avrg. 65 i 
Ash 25 - 30 I 
Volatiles matter Si 
S 2, 2 I (max.) 
Moisture 6,0 I 

The anticipated consumption was 0,46 l coke/l • 

There are a few LSEf producing pig Iron In Brazil 
(see table 3). One steel Industry has z LSlf, each one 
equipped with a 20 MW transformer. Each furnace produces 
240 t/rlay In 8 taps. Availability Is above 90X and elec
tric energy consumption Is 2.000 kHh/t pig Iron. See Ta
bles 2 and 3 giving the brazlll~n production of pig Iron 
by company and process . 

Self Reducing PeJlets or Carbon-Bearing Iron Oxide Pellets 

In this technology Iron oxide fines, lime, silica and car
bon f Ines are mixed, pelletlzed and hardened . 

fhe process owners of !~:s technology claim that the 
uniformly disseminated carbo;~ particles create numerous 
reduction centers throughout the pellet matrix where re
duction occurs simultaneously, accclera~lng reduction and 
permitting higher temperatures without an adverse effect . 
The result Is a much faster reaction rate. In addition, at 
the higher temperature, carbon monoxide Is generated 
throughout the pellet matrix which causes an Increase In 
the partial pressure ~f CO which favours reduction ther
modynamics as well as causing the carbon monoxide to dif
fuse much more deeply In the pellet cavities • 

Test results have shown that the reduction rate with 
carbon-bearing pellets Is much faster than that obtained 
by the diffusion of external carbon monoxide Into conven
tional Iron oxide pellets under similar conditions. Car
bon-bearing pellets can be reduced co~plctely and melted 
In a short-shaft furnace such as a cupola In less than one 
hour (10) . 
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There are, at least, two companies 4eveloplng this 
technology • 

A - Pellet Technology Corp., fro~ Pittsburg/USA, with the 
PELLETECH (PCT) Process, where the carbon-bearing pel
lets are hardened In an autoclave. According lo PTC a S 
l/h cupola was built In Calcuta/lndlal solely lo reduce 
pellets prepared by the MlU - Pelle ch pt·ocess. Test 
programs demonstrated lhal a variety of specified co•
posltlons cttn be produced fro• carbon-bearing Iron oxi
de pellets. Including ORI (sponge Iron) was produced 
with carbon bearing pellets . 

B - fundl,~o Tupy S.A., from Jolnvllle/SC Brazil, wl~h the 
Self Reducing Pellet Process (SRP), where tte pellets 
are cold hardened. fundlr;llo Tupy Is a vet·y Important 
brazlllan foundry and receives the pig Iron by truck 
from other brazlllan states, the average distance being 
about 1.000 km. In Imbltuba seaport, 250 km from Join-

· ville, pyrite cinders (fines) and mineral coal are 
available. The Tupy research center started developing 
cold hardened self reducing pellets (or carbon-bearing 
pellets). These SRP were tested In a pilot cupola exis
ting In the research center. Proportional of SRP was 
Increased In the metallic charge from lOJ lo 1ooi with 
good results. The second step was the erection of a ln
austrlal demonstration plant for about 900 t/month of 
hot metal In the fundlc~o Tupy lndust~1a1 area. The 
plant operated during several months (86/87) and pre
sently some changes are being made In the furnace. As a 
matter of fact the plant Is a modified hot blast furna
ce. Once the changes are the lests will start again 8nd 
It Is expected lo work out until the end of 1988 all 
parameters necessary to complete the design of an ln
du~trlal plant for 60.000 tpy hot metal, to be erected 
In lmbltuba during 1989 (11) . 

These technologies (PTC and SRP) may be a solution for ca
ses where Iron ore fines and reductant are available . 
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Direct Processes: 
The reduction reactions between or~ and reductant occur 
w!lh Iron ore In sollJ stale • 
The prod1Jct Is cal le~ sponge Iron or· ORI ( d I rect-r·cduced 
!ron). Usually lhe ORi has more lhan 901 of lolal Iron and 
asx 8S metallic h·on, r·esulllng In a mcl11lllzallon degr·ee 
higher lhan 90:<. 
The gangue remains In the ORI and Is slagged off In lhe 
melt shop (steel or foundry plant) • 
Carbon content may change from 0,05i In solid reductant 
processes to 2,51 In gaseous reductanl processes, but It 
Is l~porlant lo know If the carbon Is combined (cementlte) 
or free. 
fhe major part of ORI production Is used as a substitute 
for screp In electric arc steelmaklng f1Jrnaces (EAF). ORI 
derived from virgin Iron units Is a relatively pure mate
rl6l which dll1Jles contaminants In the scrap and Improves 
ihe steel quality. The availability of low cost scrap and 
the high cost of energy restrict the use of ORI In most 
hl9l1ly Industrialized countries. Direct processes are es
pecially favored In those locations lhal are endowed with 
abundant .,-eserves of Inexpensive natural 9as, non-coking 
coals, and/or hydroelectric power, and which have access 
lo s1Jltable Iron ores or agglomerates (2). 
It Is possible lo use ORI !i foundries and other steel ma
king processes, In variable pt·oporllons . 
The brazlilan prod1Jctlon of ORI Is relatively low, since 
the co~nlry has only two direct red1Jcllon plants In op~ra
llon: 
- One rotary kiln - SL/RN Process - al Acos f lnos Plrallnl 
- One static bed shaft furnace - HYL I Process - at USIBA 
A PUROFER Plant operated from 1976 lo 1979 and was shut
down. The Table 5 shows the brazlllan production of sponge 
Iron (ORI) from 1977 lo 1986. Table 6 gives the world Pro
duct Ion of ORI In 1986, of which 53,Si was produced by the 
MIDREX Pt·ocess . 
Direct Reduction processes may be classlf led as follows; 
- Rotary Kiln Processes (solid reductant) 
- Retort Processes (solid reductant) 
- Shaft furnace Processes - moving bed (gaseous reduclant) 
- Shaft furnace Processes - static bed (gaseous reductant) 
- Fluidized Bed Processes (gaseous reductant) 
In the processes using solid reductant coal Is charged di
rectly In lo the process kilns, sometimes as, screened run 
of mine coal and sometimes after washing. 
In the processes using gaseous reducing the reduclant gas 
Is produced outside of the reduction furnace. Natural gas 
Is reformed In a catalyst bed with sleam or with lop gas 
from the reduction reactor (CO~>· 

-
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Partial oxidation processes which gasify ~lquld hydrocar
bons, heavy oil and coal are also dlscus~ed. The refor•er 
and partial oxidation gasifier are Interchangeable for se
veral of the OR processes. See Annex 6 gl~1ng a brief sum
Mary of lhe reducing ges generation scheMes. 
Table 7 gives a llsl of Direct Reduction Plants Pro~uclng 
Sleelmaklng grade ORI . 

Rotary Kiln Processes (Solid Reductanl) 

In these processes the reducing gas Is generated fro• 
hydrocarbons In the reduction furnace and all lhe rotary 
k I lns opera le as desct·lbed In n ! Annex 7. In some coun
tries the ORI produced In Rotary kilns Is a good solution 
(technical and economical). 
The rotary kiln processes In operation are the fellowing; 

SL/RN Process. 

Th.ls Is the better known rotary kiln process, which has 
developed greatest experience. There are SL.~N plants ope
rating In several countries (see Table I), using different 
raw materials and scaling from 30.000 l to 180.000 l ORI 
per annum (12). 
fhe process has great flexibility In relation lo raw mate
rial, as shown by the paper "flexibility of SL/RN coal ba
sed Direct Reduction In respect of raw materials and 
fuels" (12), presented In 1983. 
Table 8 shows the analysis of coals used In Lurgl Olrecl 
Reduction Kilns 
Table 9 shows the analysis of Iron ore~ used In Lurg! Di
rect Rerluctlon Kilns 
In A~os flnos Plrallnl - Brazil (1 kiln of 60.000 lpy) the 
ORI Is produced from high quality pellets and lump ore, 
whereas the coal has a high ash conlenl (13). 
In SIDERPERU - Peru there are 3 kilns with 100.000 lpy ORI 
nominal capacity, opetallng based on pellets and anthraci
te and coke breeze. 
In New Zeland Steel - New Zeland Iron sand concentrate and 
a high volatile and high reactivity coal are being used . 
rhe 4 New Zeland Steel SL/RN kilns are designed lo produce 
up lo 900.000 lpy of sponge Iron. NZS '.s using the kiln 
off gas to produce steam to operate a J0-35 MW power plant 
(14) . 
ln lscor - South Africa lump ore and non coking coa! are 
used In four SL/RN kilns, designed to produce up lo 
120. 000 lpy of ORI. lscor Is us I 119 lhe k I ln off gases lo 
produce ~bout 4.snn t/day of low pressure steam for the 
Integrated steam network of the plant . 
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Hlghveld Vanadlu• and Steel Company - Soulh Africa opera
tes 13 Lurgl rotary kilns producing low metallization 
sponge Iron. This material Is hot charqed Into Low ShEft 
Electric furnaces lo produce pig Iron (IS) . 

2.2.1.2 Krupp Codlr Process . 

There Is on~ plant In operation !n South Africa and one 
under con$h'"~llon In India (Table 7) • 

2.2.1.3 ACCAR Process . 

There are plants In Canada and India (T&ble 7) • 

2.2.1.4 ORC Process . 

fhere ~re plants In the United Stales and South Africa 
(Table 7) 

2.2.1.s ~rsco Process . 

There Is one Industrial plant In India (Table 7) . 

2.2.2 Reto~t Processes (Solid Rcduclant) . 

There are two processes In o~eration . 

2.2.2.1 Hoganas Process . 

Developed In Sweden In 1910 and still In commercial use . 
Most of the sponge Iron produced Is ~old as Iron powder 
( 2) • 

2.2.2.2 Klnglor-Metor Process . 

The K-M Is a process for small ORI scale production 
(20.000 tpy per reator) and Is described In the Annex 8 . 

2.2.3 Shaft furnace Processes - Moving Bed (gaseou! Reductant) . 

A typical example of the Shaft fur~ace Process - Moving 
Bed Is the MIDREX Rrocess. So, the MIOREX Process descrip
tion as describe In the Annex 9 serves too In general 
terms for the other processes. 
The O~I produced In Shaft furnaces Processes - Moving Bed 
can be delivered to the customer as pellets/lumps, or as 
cold Briquettes or as HBI (Hot Briquetted Iron) . 
The Shaft furnace Processes - Moving Bed (Gaseous Reduc
tant) are (2) . 
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2.2.3.1 MIOREX Process 
The MIOREX Process Is the best known direct reduction pro
cess worldwide and production ~f MIOREX plants Is bigger 
than thal of all other processes.together (see Table 7) . 
A typical analysis of Shaft Furnace - Moving Bed ORI Is 

f ernt.~1 
f e ..... t. 
Met a 111 z at I on 
c 
Gangue 
p 
s 

91 - 93 i 
83 - 88 i 
92 - 95 s 

1 - 2,5 x 
3,1 - 7,9 i 
0,02 - 0,04 i 
0,005 - 0,015 s 

2.2.3.2 HYL III - The HYL III has plants In operation and under 
construcclon In Mexico (see Table 7) • 

2.2.3.3 NSC - Nippon Steel corporation (see Table 7) • 

2.2.3.~ ARMCO (see Table 7) . 

2.2.3.5 PUROFER (see Table 7) . 

2.2.3.6 

2.2.4 

2.2.4.1 

Wiberg - Soderfors/Plasmared 
In the original Wiberg process In Soderfors (Sweden) the 
reducing gas for the shaf furnace was produced at about 
1039°C, by recycling about 65S of the shaft furnace top 
gas In an electrically heated coke or charcoal carburator 
(2). It was a plant for 25.000 tpy ORI, consuming 960 kWh 
and 210 kg of coke per to of ORI. The SKF developed a 
plasma process called PLASMAREO. The PLASMARED was re
cently Bdapted to the Wiberg - Soderfors process as a 
means of healing up the cleaned top gas before recycling . 
Capacity of the Wiberg - Soderfors /PLASMARED plant Is 
about 70.000 tpy URI and consumptions are 850 kWh and 180 
kg of coal per ton of ORI (11) . 

Shaft furnace Process - Static Bed (gaseous reduclant). 

HYL I 
The HYL I was a pioneer In the Industrial production of 
sponge Iron. There are some plants In operation In Mexico, 
Brasil, Venezuela, Indonesia and Iraq, but nowadays It Is 
an obsolete processt the reason why HYL developed the HYL 
IIJ process (see Tab1e 7) . 



• • • • • • • • • • • • • • • • • • • • • • • • --• • • • • • • • • • • • • • • • • • • • • • • -

--~N ll)Q__SSM tu 67 t 7 _:-_,'u J/ ft 7 : _Jl __ _j_-··_·_·_·· ---~ 
')~·~:~~;~ \l.G.SCHUR "'-~i~-~~~-~Eu 19~_52 __ 

Tafll 

COMPARAlIVE EVALUAfI~h Of NEWLY D~~llCPEO 
TEt:HNOLOGIES fOR APPLICATION IN MINI Sl£EL PLANlS 

2.2.5 fluidized Bed Processes (gas~ous reductant) . 
In these processes Iron ore fines are reduced by hldrogen 
In a fluidized bed and the reduced matet·lal Is alWf.lYS hot 
brlqueled . 

2..2.5.1 HID 

A plant was erectt1 In Puertc Ordaz - Venezuela lo produce 
more than 700.000 tpy of high Iron briquettes with 70i me
tallization, intended to be cha·rged In lHner·lcan blast fur
naces . 
The operation was never satisfactory and according to a 
recent announcement the plant will be modified to produce 
750.000 tpy MIDREX ORI (16) . 

2.2.5.2 FIOR 

There Is an Industrial Flor OR Plant In operation near 
Puerto Ordaz In Venezuela (see Table 7) . 

~.3 Direct Smelting Procc!scs or Indirect Processes In two 
stages. 

fhese processes are variants of the blast furnace because 
the prod~ct obtal~cd Is pig Iron . 
Reaction Lake place In two reactors; the Reduction Re&ctor 
where the Iron ore Is dried, heated up and reduced by ga
ses generated In the Smelter Reactori The Smelter Reactor 
or Smelter Gasifier Reactor, where the final reduction, 
occurs and the ORI smelts and absorbs carbon • 
The DI re ct Srne HI ng Processes a re the way to get the ad-· 
vantages of the Indirect Processes with higher flexibility 
In relation to r1w materials and energy. 
The techn I ca 1 at1d econor11Ica1 I ncent Ives to develop these 
processes, co~pared to the coke blast furnace are; 
- use of a wide range of Iron ores 
- possibility of using a wide range of coals, thus beco-

ming Independent oF coke . 
- being economic even In relatively small scale 
- less envlronmehl&l problems (17) 
The Direct Smeltlhg Processes pay special attention to the 
use of the waste energies from the reactors, which as can 
be used 
- for the product I on of steam for many purposes, Inc l•Jd Ing 

electric power generation . 
- as fuel gas In pelletlzlng, foundries, steel plants, ce

rarnlcs etc . 
- as clean gas (slnthesls gas) In the chemical Industry 
- as clean gas (reducing yas) In Direct Reduction 
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rhe following processes are the Direct Smelling processes; 
- COMBISMELT 
- C:OREX 
- SC 
- COIN 
- KAWASAKI 
- ELRE~ 
- INRED 
- PLAMASMELT 

See Annex 3 •smelling Reduction Processes for Iron and 
Slee 1 rnak I ng 0 

0 Nyquist - IISI - Rio de Janeiro, October 1986 . 

COMBISMELT (18) (19). 

Fig. 3 shows the Schmemallc representation of Comblsmell . 
fhe Comblsmell Technology uses a combination of SL/RN ro
tary k I ln as Reduct I on Reaclo;· ptoduc I n9 sponge h·on and 
SAf - Submer~ed Arc furnace for hot metal production. 
fhe waste energies of the furnace are used for steam pro
duct Ion . 
In New Zel&nd Steel four SL/RN rotary kilns feed two elec
tric melting furnaces to produce 700.000 tpy pig lton 
( 14) • 
The waste energle Is used lo produce steam which generates 
30 - 35 MW (11) . 
1n Hlghveld Vanadium and Seel Coorporallm - South Afrlc6 
there are 13 lurgl rotary kilns, producing relatively low 
metallization sponge Iron, lo feeding 7 low shaft electric 
furnaces lo produce more than 1 million of steel per year . 

COREX (20) (21) 

f lg. 4 shows the schematic representation of COREX with 
export gas (20) . 
f lg. 5 shows lhe schematic representation of COREX without 
export gas (20) . 
The Reduction Reactor receives Iron ore and adltlves from 
lhe bins and reducing gas from the smelter gaslf ler produ
cing ORI which Is discharged hot to the smeller/gaslfelr. 
The Smeller Gaslfl~r Reactor receives oxygen and coal, 
which Is Instantaneously dried and degasefled, where lhe 
resulting char Is gasified In the fluidized bed. The hot 
ORI Is charge continuously being finally reduced, smelter 
and carbon enriched . 
The great flexibility of the Corex process Is lluslraled 
by the following tables; 
Table 10 - Iroh ores used In the COREX pilot plant until 

1987 (21) . 
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Table 11 - Coals used In the COREX pilot Plant until 1987 
(21) . 

Table 12 - Classification of Coals for COREX - The KR Pro-
cess (20) • 

All the Iron ores and coals (Table 10 and 11) were suc
cessfully tested In the Kehl I West Germany - Oemonstra
t Ion Plant, which capacity ~'f 60.000 - 80.000 tpy hot me-
ta 1. 
In May 1986 the following Brazilian raw materials where 
tested during a 10 day period; 

Metallurgical coal 
Noncoklng coal 
Pellets 
Lump ore 

w!th 17,0 t ash 
with 21,0 t ash 

65 21 1. f e 
61:so t fe 

The lest was successful and about 1.100 ton of pig Iron 
were pt·od•Jced . 
Table 13 presents the diagram and consumption figures ex
pected for a COREX Industrial plant operating with Brazi
lian raw materials, as well as ~he pig Iron analysis the 
off gas composltlo~ and volume. rhls project Is being dis
cussed . 
Right now (Jan 88) the f lrst COREX Industrial plant Is 
being commissioned. Located near Pretoria - South Africa 
at ISCO~ Pretoria Works this plant has a production capa
city of 300.000 tpy hot metal . 

See annex 4 "COREX - The Coal Based Smelting Reduction 
Process" - G. Papst and J. fllckenschlld - may 1987 . 

SC (SUMITOMO) 

See f lg. 6 for schematic representation . 

2.3.4 COIN 

2.3.5 

2.3.6 

See f lg. 7 for schematic representation . 

KAWASAKI 

See f lg. 7 for schematic representation . 
KAWASAKI Process Intends to use f lne ores Instead of pel
lets or lump ore . 

I N.Rt:O 

See Fig. 9 for schematic representation . 



• • • • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • • • • 

2.3.7 

2.3.8 

~JNl[IO SSA/CLT87/047-.Jul/87 •.. 0 r ...... 
~·~~ w. G. SCH[R[~--- ltl1

6. 01. 88 S~EET ll_O_F -52----! 
t1t1.I 

COMPARATIVE EVALUATION OF NEWLY DEVlLOPEU 
fECHNOLOGIES FOR APPLICArION IN MINI STEEL PLANTS 

ELREO (2) (17) 

See Fig. 9 schemallc.represenlallon. 
The ELRED process uses Iron ore f Ines and pulverized coal . 
The rrereducllon reaclor operates a fluid bed under pres
sure ( 5 - l bar) . ThP. p r·ereduced mat.er 1 al w I lh abou l 65't 
melelllzallon Is ccnllnously discharged from lhe bollom of 
t.he prereduct!on reactor to ~re Smeller Reactor which Is a 
OC arc furnace for final reducllon and mel~lng . 
A hollow electrode Is located I~ the center of lhe furnace 
roof and Is connected lo the negative pole of the rectl
f ler. The positive pole Is connected to a bottom ~leclro
de, which Is In direct contact with the Iron melt. The 
arc, which Is submerged In foaming slag, extends verti
cally down toward the balh(2) • 

PLASMASMELT (2) 

See fig. 11 schematic representation . 
The PLASMASMELT Process uses Iron ore f Ines and coke. The 
pre-reduction reactor operates a fluid bed and reduces the 
lion ore lo about 50't metallization. The pre- reduced Iron 
Is Injected together with flux and coal Into the hearth of 
the molten Iron using plasma-arc torches having an elec
t-r·lcal consumption of abo·.t 1.200 kWh/t hot. meta.I. 
The smeller reactores similar to a shaft furnace and Is 
filled with coke, being the coke consumption of about 50 
Kg/t hot rneta 1. 
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3. STEELMAKING PROCESSES 

3.1 Open Hearth Steelmaklng Process 

3.2 Oxygen Steelmaklng Processes 

3.i.1 fhe LO Process 

3.2.2 The Oxygen Bottom Blown Process 

3.2.3 The E 0 f Process 

3.3 Electric Sleelmaklng Processes 

3.3.1 Electric Arc furnace Processes 

3.3.2 Induction furnace Processes 

3.3.3 Plasma furnace Processes 
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3. STtELMAKING PROCESSES 

The world steel production Is b~sed on 3 main routes; 
- Open Hearth Steelmaklng 
- Oxygen St~elruaklng 
- Electric Steelmaklng 

Until after World Wer I! the Open Hearth was the main ste
elmaklng process, having now been replaced oy the Oxygen 
Sleelmaklng Pr0cesses . 
In 1985 oxygen steelmaklng ~rocesses produced worldwide 
about sax of the total steel production, the electric pro
cesses about 25X and the open he~rth about 17t. The ten
dency for the near future, however Is a further decrease 
In oper. hearth produc~lon . 
In BrazJlL In 1~86, steel pro~uctlo~ reach~d~21:3~ ml}llo~ 
ton, 7z 1 1 i of which came from oxygen plo~es~e~, Z4,9X 
from electric process~~ und only 2,4X In Open Hearth pro
cess (5) . 
The tendency Is that new plants will be based on oxygen 
s tee lrna~~ Ing . 

3.1 Open Hearth Sleelmaklng Process 

3.2 

3.2.1 

The O.H.S.P. used to be the main steelmaklng process but 
Is now being replaced more and more by the other proces
ses. 
However, If a developing country which Is still operating 
OH furnaces locks the f lnanclal resources to shut down the 
OH plant end to erect a new one, the solution Is to adapt 
the KOIHEC - Subrnerged 8 low I ny Process, In ope rat I on In 
Brazil {CSP) and Hungary (OKU), as a first step of moder
nization and cost reduction. With very low Investment lhe 
productivity will be Increased with considerable energy 
savings. fhe conversion of traditional Open Hearth furna
ces to the KORfEC - Submerged Blowing Process Is very easy 
and the necessary submerged tuyeres can be Installed du
ring a normal furnace repair . 
See Table 14 for process description . 
Table 15 gives the advantages and operational data of ope
rating OR furnaces with submerged oxygen blowing . 

Oxygen Steelmaklng Processes 

These processes can be classified as follows; 
-.The LO Process . 
- The Oxygen Bottom Blown Processes. 
- The new concept called EOf - Energy Optimizing Furnace . 

The LU Process 

Plants utilizing top blowing oxygen have been In operation 
since 1952-53 at Linz and Oonawltz In Austria . 
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Today the LO Process Is the world leading Process In Sle
e 1 ma k Ing ( 2) • 
Fig. 12 and 12A give lnformat!on about the oxygen blowing 
process variations (l2)l which m.eans pioccsses based on LO 
converter and LO conver·er varl3llotts . 

The Oxygen Bottom Blown Process. 

Fig. 13 shows the development of the Oxygen Bottom Blown 
Process from 1968 to lhe present. 
Fig. 14 and 15 give Information about the KM~ process, 
Installed In Elsenwerk - Gesellschaft Maxlmlllans-hulte M 
0 H (3 x 60 t) and Georgmarlenhutte (1 x tis t), In West 
Germany. 
By bottom Injection of oxygen, lime and carbon It Is pos
s Ible to vary the ratios of cold rnetalllc char·ge/hot met8l 
between 2si I 1si an 75i I 2si. The goal Is the steel pro
duct Ion without using hot metal. The post combustion tech
nique Is used to combust a sizeable portion of the CO 6bo
ve the bath t~ co~ and to transfer as much as possible 
of_ the generated heat back Into the bath (23). 
Even after the post combustion the off gas has some energy 
content to be used for steam generation and other uses . 

The EOf Process (Energy Optimizing furnace) 

The EOF Process is a new oxygen s tee lmak Ing process, low 
in Investment and operational cost. 
In short, the p·,-ocess and I ts ma In advantages can be des-
cr lbed as follows; 
The EOf Is a hearth furnace for the production of liquid 
steel with coal and oxygen from varying ratios of hot me
tal and scrap, combining the principles of oxygen blowing 
and scrap preh,.:::a ting . 
The main process principle underlying the EOf Is to Intro
duce oxygen Into the bath lo react with carbon, creating 
CO gas which Is subsequently burned to co~ above the 
bath within the furnace vessel. The heat generated by the 
oxygen reactions Is eff !~lently used to melt scrap t~at 
has been prvlously preheated. The carbon required for lhe 
reaction Is Introduced Into the bath either as a consti
tuent of molten pig-Iron or In the form of solid carbon 
which Is Injected Into the bath and reacted with llqijjd 
steel to creale an artificial pig-Iron . 
Sensible heat In the waste gases Is utilized for stepwise 
preheating of the scrap In refractory-lined scrap prehea
ter consisting of several preheatlng sections located abo
ve the furnace roof • 
Main advantages are; 
~ Submer~ed,horlzontal oxygen blowing through special tu-

ye~·es; , 

• 
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• Use of a circular shaped, compact furnace In which heat 
losses are reducedi 

* 9Si afterburnlng of CO to CO~ In lhe furnace, trans
ferring energy lo lhe st.eel bath by radlatloni 

• Scrap preheating with the EOF's hot off-gases up to 
850°C and quick charging of scrapi 

•Extreme flexibility with regard to the metallic charge 
rd Ix; 

•Proven high plant availability; commercially proven 
technology 

• Minimum amount of auxiliary equipment, no high power 
electricity distribution syslemi 

•Utilization of waler-cooled elements for walls and roof. 
See f lg. 16 schematic representation of lhe EOF . 
See f lg. 16 for Information about the EOf . 
See f lg. 17 for the i1lstory and development of lhe EOf . 
See f lg. 18 for Operating facts and f lgures. 
See f lg. 19 for Steel Quality Products and EOf 8~neflts . 
Al present. there Is one 30 t EOf operating since 1982 at 
Coropanhla Slde-r·u·rglca Palns(CSP), In Bl·azll, with a yeat·ly 
product.Ion of 200.000 l of liquid steel • 
A new 30 l EOf Is under erection at CSP, lo be commissio
ned In Mt\ r·ch 1988 • 
A 60 l EOf Is under construction al Siderurgica Allpertl 
S.a. (Sao Paulo - Brazil), lo be comMlssloned In May 1988 
and designed lo produce 400.000 tpy of liquid steel . 
In 1989 lhe EOf Steel production will be of 800.000 t, 
equivalent to 3.Si of the Brazilian Steel Production . 
Annex 4; "The EOf process: Performance and out look". R • 
Weber and H. C. Pfeifer - Inlernatlonal Conference of Iron 
and Steel Tecnology - Brazilian Society for Metals - S~o 
Paulo, Brazil, November 1986 . 

Electric Steelmaklng Processes 

In these processes the energy to melt down the metallic 
charge and lo heat up the bath to the teeming temperature 
Is supplied by electric power. These processes are class I 
f I e d I n accordance w I th the way o f trans f e ~· I n g the e let r I c 
power to the metallic charge. 
Due to Increasing cost of electric energy steelmaklng will 
possibly decrease lls share as melting process, bul the 
tendency today Is that a 11 s lee l plants, I ndependenl of 
process chosen, are Installing Ladle furnaces, lhat means 
an electrical furnace for ref lnlng lhe steel and lo adjusl 
Its correct teeMlng temperature . 

• 
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Electric Arc furnaces Processes 

More than 2oi of world st.eel product.Ion Is produced In the 
Electric Arc furnace, an eff lclent. and flexible equipment 
for st.eel production since any kind of cold metallc char
ge, as different. types of scrap, sponge Iron and pig Iron 
may be used as feeding material. 
Current. passes from one electrode down through an arc and 
the metal ctun-ge, then from the charge up t.hr')ugh an an.: 
to another elect.rod~. Although !Ingle, two or three-phase 
can be used for steelmaklng, furnaces employing thre
e-phase current. are used almost. excluslvely(2) . 
Today, there are some so-called Olrect.-Current. Direct-Arc 
furnaces In operation, where the current passes from one 
electrode through an arc and the metal charge to an elec
t.rode Int.he bot.torn oft.he furnace(2) . 
In EAf operation some factors as i of ORI charging, metal
lization of ORI and tap to tap time are Important, as 
shown In t.he following tables; 
Table 20 - Power consumption with ORI charylny . 
Table 21 - Influence of metallization. 
Table 22 - Influence of the tap to tap lime on power con

sumption . 

Induct.Ion furnace Processes 

Current Is lnduc~d In the metallic charge by an oscilla
ting magnetic field. 
Usually first class scrap and pig Iron are used as a char
ge for Induction furnaces, which are Installed In many 
foudrles . 

Plasma furnace Processes 

Basically the plasma furnace can be regarded as an elec
tric arc furnace, In which the graphite electrodes are re
placed by metallic elect.rodes and the electric arc by the 
plasma arcs (24). 
Taking advantage of the technology developed by VEB -
freltal, Voest Alpine acquired an exclusive licence for 
the building and operation of plasma furnaces . 
So, a 45/60 t plasma furnace wns Installed at the Voest -
Alpine works In Linz and put Into operation In Nov. 1983 . 
The plasma furnace h~s already produced 25.000 t of alloy 
.~tee 1. 
Some of the advant.a~es expected for the plasma furnace 
a v·e, 
- better metallic yield 
- lower noise level 
- no shock loads on power grid 
- no electrode consumption (25) . 

• 
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4. TECHNOLOGIAL ROUTES FOR STEEL PRODUCTION IN DEVELOPING 
COUNTRIES (Iron Making+ Steel Making). 

4.1 Remarks 

4.2 Considerations about Technological Routes 

4.3 Technological Routes for Iron and Steel Production 
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4. TECHNOLOGICAL ROUTES FOR STEEL PROOUCf CON IN MINI STEEL 
PLANTS IN DEVELOPING COUNTRIES 

4.1 ReMarks 

4.1.1 

4 .1.2 

4.1.3 

4 .1.4 

The mnln characlerlsllcs lo be met by such planls should 
be • 

- I nlens Ive and, If poss Ible, exc lus Ive use of dornes
t I c resources (raw materials, energy, labour etc) • 

- lo be based on existing and proven technology 
- to be tailored for lhe doMestlc or regional market 

In case an agl'·eernenl is l'·eached w llh ne I 9hbor Ing 
counlrle~i eventually a small surplus for exporl 
roay be contemplated . 

- low lnvesf:.roenl . 

for lhe purpose of this paper lhe def lnlllon of mini sleel 
planl Is a plant with capacity between 50.000 and 500.000 
tpy of steel. 
Exceptionally the limit might go up to 800.000 or even 
l. 000. 000 l:.py . 

Today lhe general tendency for steel production ls to fol
low the route hot met.al/oxygen sleelmaklng, In view of lo
wer electric power consumption as compared to the alterna
t Ive route cold mel:.alllc charge/electric arc furnace. 
Electric power Is not only expensive but also In conside
rable shortage In many countries which also do not have 
networks with the necessary shorl-clrcult power to supply 
high-powered arc furnaces . 
On the other hand, however, there are countries with avai
lability of hydroelectric power at reasonable price, as 
well as Iron ore. In lhls case the production of hot metal 
In low shaft electric furnaces may be a good solution. 
This shows the Importance of a thorough knowledge of l~cal 
conditions before a decision Is taken • 

At present quite a few electric arc furnaces are using pig 
Iron and even hot metal In the composition of their metal
lic charge. In Brazil, for Instance,· It Is usual to charge 
up to ~O I ·· and even 40 I - of pig Iron Into the EAf. Ta
b le 2J sho.ws e le ctr I c energy consumpt I on and meta 111 c 
yield In an arc furnace as function of the percentage of 
pig Iron In the charge (27). Such data were obtained In a 
highly efficient sleel plant producing 900.000 tpy liquid 
steel In two EAf of 115 l capacity each • 
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There Is a further advantage In routes which go through 
pig Iron production; the possibility of supplying raw MB
lerlal lo fQundrles, which also play an lmporlanl role In 
lhe Industry of a developing counlry. 

To be ·~11glble• for a developing country a technological 
route should be based on existing &nd well proven lechno
logles. On one hand all existing technologies are under
going significant developments, and the charcoal blast 
furnace Is a good example. Dul soMe recently developed 
technologies, like for Instance lhe plasMa In lhe produc
t Ion of hol metal, are promlsslng solution bul should pro
ve seccessf•Jl In co1Htet·clal plants of developed countries 
before being taken up by any emerging country. 

Considerations about Technological Routes; 

In chapters 2 and 3 many processes were presenledi froM 
now on, however, all data will be referred lo the better 
known, experienced and proven processes, already In opera
l Ion or about to be adopted by developing countries, na
mely. 

Ironmaklng Indirect Process; 

Charcoal blast furna~es datai In some cases small coke 
blast furnaces and low shaft electric curnaces dala will 
be considered. 

Ironmaklng Direct Reduction Process - Solid Reductant; 
SL/RN data. 

Ironmaklng Direct Reduction Process - Gaseous Reduclant. 
MIOREX dalas (HYL III may be considered loo) 

IronMaklng Direct Smelling Process. 

COMBISMELT and COREX data. 
COMBISMELT uses proven proce~ses as the rotary kiln and 
lhe low shaft electric furnace. COREX Is considered here 
because the Kehl demonstration plant size - 60.000 I 
60.000 lpy hot melal - Is an Industrial plant size for 
many developing countries and the f lrsl Industrial plant 
for 300.000 lpy of hot metal Is being commissioned right 
now (January 1968). 
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Oxygen Steelmaklng Process: 

(Of data, because It Is a new concept developed In an 
emerging country to operate under such a country's condi
tions. At the same lime ll Is a proven process, able lo 
use high percentages of solid charge and when using pre
dominant percentages of liquid charge, lhe consumptions 
figures are similar lo lhe wellknown and proven LO process 
and Its LO process variations. (See fables 16, 17, 18 and 
19) 

lleclrlc Sleelmaklng Process: 
EAF - Electric Arc furnace data. 

Technological Routes for Iron and Steel Production 

Scrap + Direct Reduction Plant (ORI) + lleclrlc Arc furna
c,; Slee 1 P lanL 

Scrap + Hot Metal Production (Pig Iron) + EOF 

4.3.3 Scrap + Direct Reduction PlBnt (ORI) + Hot Metal Produc
tion (Pig Iron) + [Of; 
NOTE; The quantity of scrap available In the country Is 

very Important when deciding about the lronmaklng 
plant size 

4.3.4 If a developing country has large availability of scrap or 
does not have the raw material for lronmaklng, sometimes 
It may be more economical to Import scrap/ORI/pig Iron. !n 
this case the technological routes for sleelmaklng are; 

1.3.4.1 Scrap/ORI/pig Iron - EAF 

4.3.4.2 Scrap/ORI/pig Iron - Cupola furnace - EOf; 

This route Is valid for countries where the electric 
energy supply Is limited or Its price Is high. Annex 6 
shows a preliminary proposal for a steel plant based on 
scrap - cupola furnace - EOF with an Initial production of 
50.000 tpy of liquid steel, which may be Increased In two 
steps to 150.000 tpy . 

• 
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TECHNOLOGICAL ROUTES FOR IRON ANO STEEL PRODUCTION: MAIN 
OATA 

Indirect Ironmaklng Process: Char~cterlstlcs, Main Reduc
tant and Energy Consumptions. 

Direct Reductlofi and Direct Smelting Process: Char~cterls
tlcs,Maln Reductant &nd Energy Consumptions 

Electric Arc furnace Proce~s and LO Steelmaklng Process: 
Metallic Charge and Main Energy Consumption 

EOF Steelmaklng Process: Metallic Charge and Main Ene•gy 
Consumption . 

• 
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TECHNOLOGICAL ROUTES FOR IRON AND STEEL PRODUCTION: MAIN 
DATA 

5 .1 

5.1.1 

Indirect Ironm~klng Processes 

Characteristics: 

Process I Coke Slast I Charcoal 3last I loH ~haft Electric 
Ite~s I~. fLlrnace IB. Furnice IC. Furn~c~ 
--------------------t-------------------~-------------------t-----------------·-
1.Fur-nace Bh~.t. Ft~rnacE- I Bh~.t Fur-r.clCe LS.E.F • 

I 
~!.Prnduc ti C•n per 

Furn.ice 

3. lrori Ore 

4. Re due f.a11 L 

io.ooo tpy to ~Drel 20.000 tp~ to 
than 3xl06 tpy 350.000 tp~ 

Pell~t/S~nter/high Lu~p Ore/Pellets/ 
grade lulilP ore Sinter 

J: i 9h 9r·ade- filet.~ l l -
urg i cal coal/coke ~cod I Charcoal 

20.000 tp~ tc• 
150. 000 f.p~ 
(]!;il).000 lp~) 

L~~P Ore/Pellets/ 
Si r1f.eir 

C:o•; e I C:h ar I 
Charm.it 

::i.Eri;::rn<heat)source Coke Charcoal flectr i c Er1er9~ 

6.~roduct liquid Pig Iron '- i ·1u i d P i ·1 Iron 

7.fnvestuent(USS per J25,00 60' 1)1) 21)1) .• oo 
tcin of yc-u· l y 

ClP·lC i t!:J) 

~ .• Adv a nta gc·s Kigh reliability, Kigh reliability, 1 High reliability, 
~ell kno~n and well knoNn and I w~ll known and 
prove-n proven I proven • 

Low invest~ent.Usel 
of renewable ener-1 
9'.:I • I 

I 
rt needs high gra- rt is necessar~ tol Intensive eletric 
de metallurgical invest in ReforE-s-1 energy Lonsu~er 
coal and high ilia-I talion Cup .to USl I 
lity iron ore or I 150,00 pE-r t/year,I Relatively high 
a99lo~erales. lif lOOZ of charcoal! invest~ent • 

ne (,1t i ve(!:j high 
invest~ent (coke 
plant included> • 

I is to derive from I 
I art, i t' i c i .i l I 
I for·e~. f.!;. > • I 
I I 

Remarks; Al: cokl~g plant Included 
C2; (350.000 tpy) means with hot charging of ORI 
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Main Reduclanl and En~rgy Consumptions 

Process I A I 8 I C 
I I I tote Blast I thu·rnal Blast llow Shatl Elec-
IUnit.IGc.il/UI furriace 1 furn.ice I ld c Furn.ice 

--------------------+----·------f--------------+----------------f---------------
Itens I I I U/l I Gcal/t I U/l I Gcal/l I U/l I Gcal/l 
--------------------+----+------+-----+--------t-------+--------+-------f-------
1.~elal lurji cal Coall l 7.69 0.71 5.~6 
<Dc11£-st.i c +l•Por-ted> I 

I 
2. Dc•liE-S tic fie ta 11 ur-1 t 6, 30 
gical Coal (l7Z ash)I 

I 
3.0oaeslic Coke I t 6.00 0.46 2,76 
(25 - 30l ash) I 

I 
4 • l>C•liE'S t. i c RedL.ic ta rat I t 
Coal (JI) - 3:5% ash) I 

5.0on~stic Stea 
Cc.al (40:! a.sh> 

£ •• C:har-rna l 

7. tla. tur-a. l Sas 

I 
I l 5,20 
I 
I 
I t 
I 

£.,e.o 

110001 t.~s 
I H•.s I 
I I 

o.t2s 

t.. El E-cf.r· i c Er.e-r-g~ I UJh I 0, 002~ 1 Ot 0, 27 100 C>, 25 2. 000 5, 00 
I I I (350) (2,13> 

--------------------f----+------+-----f--------f-------f----- ---+-------+-------
9. Tolal in 6cal I I I I ::i,7J I I S.~l I I 7,76 

I I I I I I I I 
10. r 0 la l i n (kWh f I I I 10~ I 5, 46 I 100 I :-; , 56 I 2. 000 I 2, / 6 
(;cal > I I I I I I I I 
--------------------·----·------·-----·--------·-------·--------·-------·-------
tr-E-dits Codl t Bas I U I Gcal I I 2.23 I I 1,,4 I I l,34 
--------------------·----·------··-----t--------·-------·--------·-------·-------
11. Tot.al bss I I I I 3,50 I I 3,t7 I I £.,42 
credits inGcal I I I I I I I I 

I I I I I I I I 
12.fotal: Gcal I I I I .5,lJ I I J,62 I I 1,4:-; 

kWh I I I I l Oto I I 100 I I :! • 000 

Main Source • Energy Balance of Brazilian Sleel Plants 
COENGE - ABM (Brazilian Society for Metals) 
Porto Alegre 23/25 July 1986. 

Remarks: 
C3. LSEf operating exclusively wllh domesllc coke 
C6: LSEf operating exclusively with charcoal 
86: Gross consumption 
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C8: (850) means 850 kWh/l pig Iron when the LSEF 
receives hot ORI. Rlghl New Zeland Sleel Is 
consuming about 1.000 kWh/l, but lhe goal Is lo 
achieve 850 . 

Note: Conversion faclor for kcal Into kWh Is 2.500 
kcal per kWh, according to ABM . 
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5.2 

5.2.1 

I te111s 

Direct Reduction and Direct Smelting Processes 

Cha'f·acter I st I cs 

i>rocess I 
I SL/RN 

8 
tilOREX 

c 
C:llREX 

I I) 

IC:[!~!::~ -! til DREX 
--------------------·--------------t--------------~--------------·--------------
1.Furnace Rotary Kiln IShaft !Reduction Re~-IReduction Rea-

l lclor/S~elter lctor/SMeller 
I !Gasifier 16asitier • 
I I IHIOREX shaft 
I I I 

2. Pro.Judi on per JI) • 1)1)1) to I Jl)1). 000 to 1100 • 000 to I 301) • 000 t,p ~ 
Furnace 180.000 tpy 1?00.000 tpy 1500.000 try lpig iron + 

I I 1375.000 tpy 
I I IDRl 
I I I 

pellets and !pellets ~nd lpellets - sin-lpellets - sin-
natural pellet natural pelletlter-natural Iler-natural 
ore ore lpell~t ore !pellet ore 

I I 
4. RNiv.r t.ant. I Rr·dt~c in~ tc•<-. :,uit.!c ins; gc.=-f'=-IC:c•a h { c oU ng [:(la h and cl e- 1 

I .rn•1 .rn e:-:J'.lor l ;.J.s 
I non c~ting) 
I 

~.Energ~ IU~ducing Coal Natural gas Goals t(lals 
I 

6.Product IDkl DRl Liquid Pig Liquid Pig 
I f ron Cron and ORI 
I 

/ .!rwestrM:rnlOJS$/t.- I [2:),1)1) ~~1)1),1)1) 42J,1)1) Jl'/,1)0 
-year) I C257,00) <245,00) 

I 
8.Advantages IVer~ flexible High reliabi- Pig iron pro- IPig iron and 

lin regard t.o lily ducer Nit.h nonlORI production 
lraN ~aterials. coking coals. I in the fa~e 
I I COli\l' l ex. 
I I 

Y.Oisadvantages IEach plant. is Mini~uM econo- First. indus- I 
la new experi~n ~ical size trial plant isl 
Ice 31)1).000 tp•.:1 being co~H11is- I 
I sioned now. I 

Notes: C7: Estimated Investment with oxygen plant Included 
- (US$ 257/t: oxygen plant Is not Included) . 
07: Estimated Investment with oxygen plant Included 
- (US$ 245/t: oxygen plant Is not Included) . 
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5.2.2 Main Reduclanl and Energy Consumpllon 

Process I I I I\ I I I c I 0 
I I I SL/RN I tlIDRfX I l:lilffX I [:[IREX + 
I I I I I I tn:OREX 
I I 1------------1------------f-----------t------------

I lens I I I I I I I Ilka I/ I U/t. I 
I lltHT I E<c iil/lll ll/t l[\c a 1/tl ll/t. IGc al /t-1 ll/t. I t I ll/t I Ge cl l/t 

-----------------·----·------·-----·------·-----·------·-----·-----·-----·------
1.tiet.al im··gieal I t J,l.S' - - -· - - I - I - I -

Coa I (•:Jones tic ti - - - - - I - I - I -
i aipor·ted) I - - - - - I - I - I -

I I I I 
2. Dc·ried i e t\et.a l -1 t l.,&o - - - - l 'C>l.5 7,24 10.4261 2.s·o 

I ut'g i ca I Coal I - - - - - - - -
(17l a~.h > I - - - - - - - -

I 
3. Dr•r.e~. ti e l:e·ke I t l .. 00 - - - - - - - -

(25 - 307. ash) I - - - - - - - -
I 

4.0oilleslic Re•Jm:- t 4,/<) 1' 19!:i S,61t - - - - - -
ting C:oa l (30 - - - - - - - - -
.55 asil) - - - - - - - -

S.Ooiiiestic Ste an l S,2t) - - - - - - 0,1)70 l),J6 
C:e•cl 1 C40X ash> - - - - - - - I -

I 
l·. C:htir·e e•a 1 t f.,&O - - - - - - - I -

I 
?.Hat.ur·al Gas 1000 8,S·5 - - 0.:.021 2,70 - - - I -

th1:1 - - - I - - - - I 
I I 

8. El ec t.r· i e EnH-gy Ulh 0.0025 117 o, 2s· 125 I (), 31 430 1.081 251 I o,c3 
-----------------·----·------·-----·------·-----·------·-----·-----·-----·------
~.Tot.a 1 i r1 Beal I I I I 5' S'1 I - I ~. 01 I - I 8,321 - I 3,tS' 

I I I I I I I I I I . 
10. fota. i in CU.'h+ I I I 117 I ~.£.2 I 12!:1 I 'L.70 I 430 I 6, 161 251 I 3,'/.6 
lkal > I I I I I I I I I I 
···--- ----·· ------ ·--f ·----+·------+--- - - i --· - -·-i -- -- -i·------ f ---- -+--- - -t------f------
Cred i ls Coal t I U I Gcal I - I - I - I - I - I J,441 - I -
Gas. I I I I I I I I I I 
-----------------t----t------•-----t------t-----•------•-----r-----t-----•------
11.Total less I I I I 5,91 I I 3.01 I I 4,881 I 3,t9 
credits in Ucal I I I I I I I I I I 

I I I I I I I I I I 
12. folal: Gcal I I I I 5,62 I I 2./0 I I 2'721 I J,26 

klJh I I I I 11 J I I i ;;o5 I I 4io I I 251 

Sources:SL/RN - Acos f lnos Plratlnl, COENGE - ABM July 
1986 . 
The P!ratlnl SL/RN plant does nol use the waste 
energy • 
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M!OREX - Informations from MIOREX 
COREX - Propo3al from Korf Engineering lo a Brazi
lian Iron ore mining company. 
COREX + MIOREX - kTS studies based on lhe above 
proposal - COREX plant producing 300.000 lpy pig 
iron and the MIOREX plant based on clrdn export 
gas, producing 375.000 tpy ORI • 
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5.3 Electric Arc furnace Process ~nd LO Steelmaklng Process: 
Metallic Charge and Main Energy Consumption 

Process I I I A I 8 I C 
I I ISLlkN t EAF IHIDREX t EAFICOKE B.F. t LD 
I I I I I 
I I 1------------+------------f--------------

I leis I I I I I I I I Ge .i l / t 
IU~lTIGcal/UI Ult IGc~l/tl U/t IGcal/tl U/t I t 

----- -----------t----+------t-----·------·-----t------t-----·--------
1. C:c•l d l>RI t ( f.) 10,(.721 3,S'7 (h/0 2.11 

I I 
2.Hc•t liRl t. (f) I - I - - - -

I I 
3.Li quid pig i r-on t. (f) I - I - - - 1.01 3,54 

I I 
4.Solid pig irc•n t. {f / 10,lMI 0,£.5 0,14 0,54 0 > (>[. 0.21 

I I 
s.) ritt-r-racl l ~-c r· ap t. Ct> IO, 1301 0,77 o.u 0,39 0.05 0.18 

I I 
t .• Pur·cha~.ed ~c r·ap t (*) 10.1501 O,M· 0115 0,45 - -

I I 
7.0w;;;en tlii:1 O,OOH.1 :!4 I 0,04 24 o.o~ 55 o.os· 

I I I 
t. r El ec ~-r· i c fnff9Y I Kl!h ();00251 i.00 I 1.50 MJO 1,50 5(1 I (\ •• "J 

. ~- .I "'' 
··-----~ ---------t----t------t-----t------t-----·-------t-----t--------
S'. lc•t.al in llc al I I I I 7' ~.'l. I I S,03 I I 4.15 

10.lotal: Gcal t I I 5,% I 
It- 744 I 

I 3, 15 I 
It 751. I 

I 3,/..2 
It }.1)6 •; ~Jh I 

(
4

) Metallics have the Gcal/t value calculated above In 
5.1.2 and 5.2.2 . 

Notes; The ORI can be replaced by scrap, total or par
t lally. All the available scrap should be consumed. 
Therefore the availability of scrap Is very Impor
tant to decldade the lronkamlng plant size. Solid 
pig Iron means purchased pig Iron • 

..._ ____ ·--~-------------------------------------------------• 
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5.4 EOf Steelmaklng P~ocess: Metallic Charge and Main Energy 
Consumption 

Process I I I C I 0 I E:: I F 
I I !Charcoal HrlLSEF i EOF ICOREX t FOFltOREX - hJDREX 
I I I • EOF I I I • EOF 
I I 1-----------t-----------t--·--------t--------------

Iteis I I I IGcal/I IGc~l/I IGcal/1 I 
IUHITIGcal/UI U/t I t I U/t I t I U/t I t I U/t I Bcal/t 

-----------------·----·------t-----·-----t-----·-----·-----·-----·-----·--------
1. to hi Ukl I t co -- 1 - 1 - 1 - 1 - 1 - 1 - 1 -

I I I I I I I I 
2. Hc•t. ORI I t ( f.) - I - I - I - I - I - I 0, 610 I 2, 34 

I I I I I I I I 
3. Li ·=tu i d p i 9 i rnr1 I t. (f.) 0,561 2,171 0,561 3.601 0.561 2,7310.48~1 1.87 

I I I I I I I I 
4. ~:c•l id pig i r·or1 I t O:) 0,541 2,091 0,541 3,471 0,541 2,l41 - I -

I I I I I I I I 
5. I ntE-rna 1 ~-cr·ap I t ( f.) 0,021 0,081 0,021 0,131 0,021 0,1010,0221 O,Ot 

I I l I I I I I 
6.Purchlsed scrapl t ( f.) - I - I - I - I - I - I - I -

I I I I I I I I 
7.0xy~en IN~~ 0,00161 80 I 0,131 80 I 0,131 80 I 0,131 80 10,13 

I I I I I I I I I 
8.Electric En~rgylkUh 10,00~51 50 I 0,131 50 I 0,131 50 I 0,131 50 I 0,13 
-----------------·----t------·-----f-----·-----·-----·-----·-----·-----t--------
s·.Tc:it.al in Gcal I I I I 4,5S'I I ?,461 I 5,731 I 4,55 

I I I I , I I I I I 
JC). fot.c1. l : Ge al I I I I 4, O~il I 1 , 621 I 2, 00 I I 3, 65 

tkWh I I I I• 2141 1•23411 It 5831 It 332 

(~)Metallics have the Gcal/t value calculated above In 
5.1.2 and 5.2.2. 

Notes: Solid pig Iron means purchased pig Iron and may be 
totally or partially replaced by scrap. (See table 
18). 

• 

Column 0: If the technological route Rotary Kiln -
LSEF - EOf Is chosen, electric energy consumption 
decreases to about 50/60 i . 
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6. TECHNOLOGICAL ROUTES FOR STEEL PRODUCTION: PROC~SS SfLEC
TION 

To erect or to Increase the steel production In a develo
ping country the following steps must be given for the 
steelmaklng process selection. 

6.1 In the selection of the best suited steelmaklng process 
for Installation or expansion of steel production In a de
veloping country the following steps are necessary: 
. To determine the country's or the region's steel con

sumption, In order to get a fh·st Idea on the steel 
plant's size . 

. To gatter Information about the available raw materials 
(quantity and ~uallty, location etc) . 

. To know t.he counh·y' s energy t·esources, like mineral 
coal, natural gas, liquid fuels, electric power genera
tion and distribution system . 

. To determine the country's or region's scrap availabl
·11ty . 

. To Identify the existing Infrastructure as transporta
tion systems, water, urban areas etc • 

. To know about labour conditions and availability. 

6.2 Information listed In Items 5.1 and 5.2 above Inform about 
the technical feasibility of the different lronmaklng pro
cess, whereas Item 5.3 gives the background for the cor
rect cholse of the steelmaklng process. 
Since the desired plant capacity as well as scrap availa
bility are known, It will be possible to decide about both 
lnronmaklng and steelmaklng capacity. 

6. 3 A f I t·s t approach on econ om I c feas I b 111 ty of the d If fet·ent 
technological routes for Iron and steelmaklng will be pro
vided by filling In the following tables; 

6.3.1 

6.3.2 

Table 24 : Prices of raw materials and main supplies C&F 
plant. 

Table 25: Estimated fea51blllty of the lroninaklri1J plant. 
Table 26 : Estimated feasibility of· the steelmaklng plant. 

It Is necessary to fill In the above tables for each tech
nological route and location envisaged. 

' 

As an example, tables 26, 27 and 26 are given, filled In 
for the tech no log I ca 1 ,route cha rcoa 1 blast furnace/EOf un
der brazlllan conditions. 



UNIDO SSA/CLT87/047-Jul/e7 0 
I ...... , 

---
... 
SHEET 42 OF 52 

COMPARATIVE EVALUArION Of NEWLY DEVELOPED 
fECHNOLOGIES fOR APPLICATION IN HINI srEEL PLANTS 

6.4 finally, ll Is necessary lo find out about possible finan
cing conditions since In many Instances financing lerms 
and the technological roule have a close connection. 

6.5 Having followed all sleps above lhere are condlllons now 
al last, lo decide In a flrsl approach about lhe best sui
ted lechnologlcal route for lhe envisaged steel plant and 
lo wort out a more detailed feasibility study . 

• 
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7. SOM[ ~XAMPL[S Of TECHNOLOGICAL ROUrES FOR IRON ANO STEEL 
PROOUCTIOH IH OEVELOPIHG COUNTRIES 

7.1 8t'8Zll 

1.2 Paraguay 

7.3 Argentina 

7.4 Venezuela 

7. 5 Pet·u 

1.6 Mexico 

7.7 Sir la 

7.8 Hew Ze~land 

7.9 India 

7.10 South Africa 

7.11 Mozambique 

7 .12 But·rna 

7.13 Olhet·s: Indonesia, h·aq, rt·lnldad Tobago, Nlgc•·la, Saudi 
Arabia, Malaysia, Iran, Egypl and Libya • 
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1. SOME EXAMPLES Of TECHNOLOGICAL ROUTES FOR IRON AND STEEL 
PRODUCTION IN DEVELOPING COUNfRIES 

7.1 

7 .1.1 

7 .1.2 

Brazil, year 1986. Pig Iron producllon was 
tons 62,3 J of which produced In coke blast 
36,5 i In charcoal blest furnaces end 1,2 i 
low shaft electric furnaces. 

20,2 Million 
fu-r·naces, and 

In charcoal 

Steel production amounted to 21,2 million tons, where of 
72,7 i ca•e from oxygen processes, 24,9 i from electric 
arc furnaces and 2,4 i from open hearth furnaces (rapidly 
decreasing). 

The II PSN (Nalional Sleel Industry Plan) gives the lhe 
guide lines for the expansion plan which Intends .to go for 
an Installed capacity of 50 million tons for the year 
2000. 
There will be expansions of the existing production areas 
and new areas will be developed. 
A great share of the actual production areas' expansion 
will be based on the technological route coke blast furna
ce, since the big state plants owned are already based on 
this technology. 
I order lo decrease the coke rate, coke based steel plants 
are adopting the technologies of coal f Ines Injection, na
tural gas Injection, and oxygen enr·lchment of the blast. 
There Is a technical cooperation agreement between Brazil 
I USSR covering these technologies. Charging of metallics 
(ORI) Into the blast furnace Is also being considered, as 
a means of Increasing hot metal production without further 
coke consumption. 

Electric at·c furnace production will !>e expanded according 
to the availability of both scrap and pig Iron, provided 
the energy price does not grow out of control. 
In some areas It will be necessary to compare the routes 
scrap - pig Iron - electric arc furnace versus pig Iron -
scrap - t:Of. 
SIDERURGICA ALIPERTI S.A., a private company located down
town Sao Paulo, decided about lA months ago to cancel a 
new electric arc furnace steel plant and In Its place to 
build a steel plant based on the EOf - ladle furnace -
continuous casting route. 
ALIPERTI produces about 200.000 tpy of charcoal pig Iron. 
The new EOf-lf-CC steel plant Is under erection and will 
be commissioned In May 1988. The capacity Is 400.000 lpy 
of liquid steel and the Investment "battery limits" Is US$ 
36 million (US$ 90/l-year of capacity) 



7 .1. 3 

7 .1.4 

7 .1. 5 

7.2 

7.3 
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Along the 900 k• railway fro• Carajas lror ore mines to 
Ponla da Madeira sea porl (north of Brazil) there are some 
charcoal blasl furnaces being co1111lssloned. Pl'·obably v_ery 
soon lhese blasl furnaces, lnslead of exporllng p~g Iron, 
will go over lo produce steel via EOF process, exporting 
b I llels. 
furthermore, near Ponta da Madeira sea port there Is an 
Integrated steel plant under planning, Intended for shb 
export. The technology for this planl Is nol yel decided, 
bul ll will operate based on Caraj6s ore, some local char
coal and mainly Imported coal. through Ponla da Madeira 
port there Is an annual exporl flow of 25 million tons of 
Iron ot·e. 

Another Iron and steel producing unit Is being planned 
wllhln lhe near future al Corumb6, al the brazlllan border 
with Bolivia, were lmporlanl Iron and manganese ore depo
sits are localed. Corumb6 Is linked by railway to Santa 
Cruz de la Sierra/Bolivia In the west as well as lo S!o 
Paulo and Santos to the easl. The lechnologlcal roule for 
lh"e Corumb6 plant wl 11 be based partly on chat·coal (blast 
furnaces), partly on bollvlan natural gas (direct reduc
t.Ion). 
The product.Ion of a certain amount of ferro-alloys Is also 
being cont.emplaled al Corumb6. 

In the south of Brazil steel production will also be ex
panded, based on mineral coal, since all brazlllan mineral 
coal mines and deposits are In this region. The lronmaklng 
routes will probably be the SL/RN direct reduct.Ion, al
ready operating for almost 15 years at Acos f lnos Plratl
nl, and lhe COREX process. 

Paraguay - Paraguay lacks Iron and manganese ore deposits, 
bul both may be easily supplied, via Paraguay River, from 
the Corumba Iron and manganese mines. 
Near Assunclon an lnlegrated steel plant, operating char
coal blast furnaces (2 x 87.500 t.py) - LO st.eel plant 
(183.000 t.py steel) and rolling mill for 150.000 t.py of 
non flat rolled products, has been erected and Is In ope-
rallon since 1987. · 

Argent.Ina - In the north of Argentina Alto Hornos de Zapla 
operate an Integrated st.eel plant based on charcoal blast 
furnaces. 
The main Argentinian st.eel production area Is located on 
the Parana River bank . 

• 

I 
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SOM!SA Is an Integrated steel plant based on coke blast 
furnace with Imported metallurgical coal. ACINOAR and OAL
MINE SIOERCA are Integrated steel plants based on Direct 
Reduct I on ( MIOREX Pt·ocess) - E lectt· I c Arc f ut·nace. These 
plants operate basically with domestic and brazlllan Iron 
ores (lump ore and pellets) . 
Once Argentina has large amounts of natural gas and since 
It Is very easy to supply the main steel production area 
with high grade brazlllan Iron ore, both by sea and river 
transport It Is l:kely for any new Argentinian steel plant 
to be based on Direct Reduction (MIOREX or similar) . 

Venezuela - During many years SIDOR operated based on low 
shaft electric furnaces - open hearth furnaces . 
In view of the good Iron ore deposits and the large 
amounts of natur·al gas ava I lab le In Venezuela, dur Ing t.he 
10-s an lnt.egrated steel complex was erected for the pro
duction of flat and non flat produts, based on direct re
duct.Ion (4 MIDREX and 4 HVL I units) - ele~trlc arc furna
ces. 
In the same area (Cludad Guayama) of SIDOR, there Is anot
her direct reduction plant employing FIOR process (the 
only FIOR plant worldwide). There Is still another one ba
sed on the HIB (high Iron briquette) process, but this 
plant Is being modlf led to MIOREX process . 

Peru - SIOERPERU operates on the following basis; 
. Ironmaklng - 3 rotary kilns (SL/RN), producing up to 

100.000 tpy sponge Iron, and a coke blast furnace (Im
ported coke) . 

. Steelmaklng - LO and electric arc furnace steel plants . 

. Rolling mill for flat and non flat products . 
SIOERPERU needs to expand Its steel production to one Mil
lion tons per year . 
Since the electric energy supply Is critical, but there 
are pellets available from a pelletlzlng plant and consi
dering that domestic mineral coal Is suitable for the CO
REX process 1 the Peruvian steel expansion might well be 
based on the route COREX (pig Iron) - oxygen steel pldnt . 

Mexico - During the 50's there was· a scrap (domestic and 
Imported from USA) shortage and the HVL Group decided to 
develop a direct reduction process based on the large me
x lcan reserves of natural gas . 
The resu 1 t was the HVL I d I reel reduct I on process, In ope
ra t I on' up to now but which Is being replaced by the new 
and much more eff lclent HVL III . 

Slrla ' - Sh·la has natural gas and low grade Iron ore and 
wishes' to erect a steel Industry. There are l\10 routes un
der co~slderatlons for Slrlan conditions; 

I 
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COREX process with Imported coal; and MIOHEX pt·ocess, im
porllng certain amounts of high grade Iron ore lo blend It 
with the domestic ore. 

7.8 New Zealand - Based on the available t·aw materials, iron 
O'r'e f'r·om lt·on sand containing fl and a high volatile, high 
reactivity mineral co31, N.Zealand at first developed lhe 
route rotary kiln (SL/RN) producing ORI - Electric Arc 
furnace steel plant. Recently the technological roule was 
shifted to Rolary kiln (SL/RN) producing ORI, hot dischar
ged Into low shaft electt·lc furnace (pig l'f·on) LO steel 
plant. 

7.9 India - India has several rotary kilns In operation and 
under erection, according to the SL/RN, ACCAR, TISCO and 
CODIR processes (28). 

7.10 South Africa - In South Africa some good examples for the 
u~e of non coking coal for Iron and steel making may be 
found. The main plants are the following; 
ISCOR plant (Vanderblljpark) - 4 rotary kilns (SL/RN pro
cess) producing each up to 180.000 tpy ORI. 
ISCOR plant (Pretoria) - COREX plant for 300.000 tpy of 
pl~ Iron and export gas, now being commissioned (January 
Urn8). ' 
HIGHVELO VANADIUM ANO SrEEL CORP. (Wlthbank) producing va
nadium and steel via rotary kilns (SL/RN) producing low 
metallization sponge Iron, hot dlschafged Into low shafl 
electric furnaces - LO plant. : 

7.11 Mozambique - fhe technological route for lronrnaklng, In a 
f lrst step, could be; low shafl electric furnace using Te
le Iron ore, containing Tl an~ V, fete mineral coal and 
electric energy from Cabora Ba,sa hydropower plant. 
In a second step for steelmak,ng the technological route 
might be; rotary kiln producing reduced material, hot dis
charged Into low shaft electr le f1Jroace - oxygen sleel 
plant. , 

7.12 Burma has In operation a coai based Kinglor-Metor plant 
producing 20.000 tpy of ORli production may be Increased 
by adding other modules of slmJlar capacity. 

' 

7.13 Many developing count.rles with latge reserves of natural 
gas, with and without own Iron, ore, like Indonesia, Iraq, 
Ttlnldad Tobago, Nigeria, Saudi Arabia, Maiaysla, Iran, 
Egypt and Libya Installed or are Installing steel produc
tion based on the route gaseous reductant direct reduction 
- electrls arc furnace. , 
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8. RECOMMENDATIONS I CONCLUSIONS 

8.1 Many countries have adopted newly developed lechnologles 
for the lnstallallon of an Iron and steelmaklng Industry 
based on domestic resources . 

8.2 fhere are a few well-known, proven and updated technolo
gies for the erection of feasible steel plants 1 Integrated 
or not, with relallvely small scale of production and low 
Investment. 

~.3 Steel plants In developing countries should meet the fol
lowing conditions; 
. make Intensive use of domestic resources 
. be based on proven and updated technologies 
. de~and low Investment 
. be tailored for the domestic market with eventual sur

pluds for export . 

8.4 The Investment and operational parameters of the different 
technological routes for Iron and sleelmaklng are known 
and allow a preliminary comparallve evaluation. Neverthe
less, for a def In It Ive comparative evaluation It Is neces
sary to know for each specific case all the local parame
ters and the financing conditions . 

8.5 ll Is also necessary lo pay the same attention to the f 1-
nanclng aspects as that given lo lhe technical and econo
mical aspects . 

8.6 Every now and again developing countries receive financing 
proposals for the erection of relatively large scale 
plants for export programs. This can be a good solution 
economically, but It Is recommended lhal such countries be 
careful and assure safe guaranties that the balance of 
payments be positive both In lhe short and the long range . 

8.1 It Is recommended lo pay attention to the continuous cas
ting systems, because there are great Improvements taking 
place regarding billet as well as slab casters (29). It Is 
necessary lo be aware of processes like horizontal casting 
and rotary continuous casting for billets and the conti
nuous casting of strip developed by SMS - S~hloema~n Sle-
mag AG. . 
'fhe first unit for contlnuo•Js casting of strips Is •rnder 
erection al NUCOR steel plant - USA to produce 820.000 tpy 
of strips with the following dimensions: width 1.100 to 
1.350 mm and thickness 50 mm (30). 
This solution and others like HSRC (hot strip reversing 
compact) developed by Voest Alpine assure that there will 
be a technical and economical feasibility for steelmaklng 
producing hot rolled flat products between 500.000 to 
!.000.000 tpy . 
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• • TABLE 1 • • L1s1 OF THE BRAZILIAN BLAST FURNACES • COKE BASED 

• • BLAST PIG IRON PIG IRON TOTAL VOLUME 

• COMPANY FURNACE T/!lAY Tl YEAR ' H 

• • C S N AFi 2.600 841.000 1.350 

• Af 2 3.034 885.000 1.556 

• Af 3 7.349 2.493.000 ) .81'.) 

• • ACOMINAS 5.300 1. 930.000 2.761 
• • C S T 9.680 3.258.000 4.415 • • USIMINAS AFl 1.800 650.000 ~85 • • Af 2 1.750 640.000 885 

• AF3 5.800 2.118.000 2.700 

• • COS IPA AFl 3.400 1. 224 I 000 1.830 

• AF2 6.100 2.196.000 3.180 

• • • • • • • • • .. 

• • • • • • • 
-
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TABLE 2 
BRAZILIAN PRODUCTION OF PIG IRON BY COMPANY 

UN IT: T 

?~i 1977 I 1978 I 1979 ! 1980 I 1981 I 1982 ! 1983 I 1984 ' 1985 l lS85 
I I I I I I I I I I • 

CJ<E ?iG iRON 

..\CC~:t.AS 

c s ~ 
:OSI?.\ 
c s i 

USi~i~..\S 

5.537.281 6.198.938 7.281.880 7,743.887 6,425.515 6,702.6~9 8.091.0ll 10.744,429 12.131.550 12,618.396 

1.590.201 1.835.481 l.958.419 2.l55.E52 2,185.232 2.244,662 2.705,690 
1.481.8&7 l.904.802 2.,98.718 2.631.901 2.174.666 l,745.40~ 2.775,519 

- - - - • - 135.300 
2.465.193 2.458.655 2.924.743 2.956.134 2.065.617 2.712,632 2.474,502 

• • 708.017 
2,433,073 3.355.330 3.55&,709 
2.741.585 2.580.003 2.14~.34~ 

2,615.503 3,l4G,l4l 3.339,7~2 

2.954,268 3.050.076 2.862.609 

C~A~COAL ?IG !ROS 3.843,091 3.844.109 4.431.534 4,941.396 4,370.015 4,124,643 4,653.510 6,479,979 6,839.896 7.550,533 

CiXETAL 65.861 67.525 78.805 119.556 88,779 58.971 l53,55R 167.703 193,972 20~.585 
AC~Si7~ i:0.968 201.081 269,454 449.580 417.606 396.788 494.063 599.322 562.252 59:,648 
CIA.FERRO BR~SILE:RO 99.650 104.864 89.282 105.784 98,901 96.117 42.743 94,248 5),773 66,4~6 
c:A. c.\?.BARA lCl.969 99.247 1:1.429 124,926 125.C05 101.979 53.976 81.387 94,S•tS 1C9.723 
~;A, SELGO M:t.EiRA 5E8.588 600.739 57:,460 660,239 715.199 814,272 781,588 832.809 867,346 831,428 
C0Si~ . 60.867 8.635 33.026 51,610 28.238 42,700 8,755 78.325 67,646 18,072 
CtA. s:~. PA:~s 133.294 144,419 145,954 172.14~ 1~2.357 16~.122 16h,l72 209,408 222.785 25l.1S6 
LA=E~S.\ 31.766 39.536 33.754 ~5.567 41.862 40,221 35,329 4~,41~ 40,458 48,603 
~A~\£S~A~N S.A. 382.277 397.918 4~0.9~9 ~23.083 411.312 359.33) 347,639 539,668 561.0Jl 685,502 
~A7AL?E~ • • 30,418 38.~55 36.991 558 • • • • 
s:D. BAR'A ~ASSA S.A. 142.951 1~4.367 154,704 :57,854 15l.~82 155.788 156,929 167.596 147.218 153.062 
S!~. ALi?ERTI S.A. 161.08~ :28.46~ 144,407 1~5.577 122.812 150,730 1~8.033 190.532 186.324 :~2.735 

l~~EPE\0£~T ~~~~UCERS l.863.716 1.907.314 2.326.891 2.4~7.021 l,989.491 l,747,062 2,466,725 3,474,567 3.840,256 ~.421,483 

7 0 ':" A L 9.380.372 10.043.047 ll.713.414 12.685.283 l0.795.530 10.827.342 12.944.521 17.224.408 18.971.446 20.168.9,. 

SOURCE: CCN51DER BRAZILIAN METALLURGICAL INDUSTRIAL COUNSIL - STATISTICAL YEARBOOK - 1987 
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TABLE 3 

BRAZILIAN PRODUCTION OF PIG IRON BY PROCESS 

UN IT: T 

;,Jc::ss : 1977 [ 1978 : !979 ; 1980 i 1s81 i 1982 I 1983 19814 --] 1985 !986 

31.AST FURNACE 9.191.1199 9.863.260 ll.lllS.80112.1455.567 10.571,76110,620,427 12.7021215 16.942,82118.677.984 20.023.819 

co<:: 5.537.281 6.!~8.938 7.281.880 7,7113,887 6.1125.515 6.702.699 8.G9l.Oll 10,74~,470 12.13!.5~3 12.618.035 
CHA,COAL 3.65~.218 3.6?14.322 ~.133.921 4,7!1,680 4,146,246 3,917.728 4,611.204 6,198,351 6,546,441 7.~05,784 

E~ECTRIC REDUCTION FURNACE 188,873 179,787 !78,0a7 229,752 219,452 206,865 242,5~9 286,914 282,651 2~3,837 
TJ•A_ 9.380.372 l0.0~3.0~7 ll.593.888 12.685.319 l0.791.213 lu.827.292 12.944,7714 17.229,735 lB.960.635 20.267.656 

?A~T:Cl?ATiOS C~ EACH P~OCESS 

81.AST ruRNACE 9S.~ sa.2 98.5 98.2 93.0 2.6 . so . 
~ lLl. lLl nJ 

CC<~ 5S.O 61.7 62.S 61. l 59.S 61,9 62.S 62.3 611,i) 62.3 

Cr11H:vAL 39.0 35.S 35.7 37.l 3b.S 35.2 35.5 36.0 34,5 35,5 

E-£CTRJC ~EDJCTIO.\ FURNACE 2.0 l.S 1.5 l.8 2.0 l.9 1.9 l.7 l.5 :.2 -
SOURCE: IBS: BRAZILIAN STEEL INDUSTRY INSTITUTE - STATISTICAL YEARBOOK - 1981/1987 
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TABLE 4 

THE AMOUNT OF PIG IRON PRODUCED - EACH YEAR -

FOR EACH HA (10.000 Ma) OF PL~NTED TREES 

T PIG IRON/HA-YEAR 
- r 

81.AsT fultNACE I STANDARD , 0 i> T I M I Z I D 
r--- ' ' ; I I I : 1COAL. INJICTION 
: 1001 I 35 1 N?O I !COAL. INJECTION I 35 1 NPO I 35 1 NPO 

Woo:>Ymo rOO % NP9s1,,TEAl6S%PE1.L.ETSllOC%NPOi 100 % N?O :65%P!L.L.Ulj 65 % PEL.L.ITS 

A i 3,1,5 : 3.90 I 3.90 I 3.70 I 11.30 I 11,05 I 11,70 
9.11110 KG DAV wooo/~A-VEAA 9 ; 11,00 i 11.60 \ • 11,60 , 11.30 · j S.00 ! 11,SO 

1

1 
5,50 

c i..60 5.25 : s.2s 1 11,90 1 5.7s 1 5,110 6.3o 
I 

I '1 I ' I I A : S.28 ; 6.00 6,00 S.60 I 6,56 I 6.20 I 7 .20 
lll,1100 KG DAY woo:>/HA-YEAA B I 6.!7 ! 7,00 I 7,00 : 6,55 I 7,611 I ;',20 1 8,110 

c : 7 .Oii : 8.0C I 8.00 .7 ,118 ! 8,72 i 8.25 ' 9.60 

20.000 KG DAY WOODIHA-VEAA 

I • I I 

A : 7,311 I; 8.32 ~. 8.32 II 7.80 9,lO ! 8,60 I l0.00 
• I I 

B ! 8.53 ' 9.68 I 9.68 I 9.lO I 10,60 ; l0.00 ; ll.60 
c 

1 
9,711 ;10.1s 

1 
lo.1s ! lo.110 I l2.l5 ___ l ii.11s I 13.i.o 

9.440 KG.DRY WOOD/HA-YEAR: ACTUAL AVERAGE PRODUCTION MEANS 23,6 STERES/HA-YEAR (STERES •M' OF WOOD) 
14.400 KG DRY wooo/HA-YEAR: ACTUAL SUPERIOR AVERAGE PRODUCTION MEANS 36,0 STERES/HA-YEAR 
20.000 KG DRY wooo/HA-YEAn: FUTURE AVERAGE PRODUCTl 1)N MEANS 50,00 STERES/HA-YEAR 

A - 0,30 T CHARCOAL.IT DRY WOOD OR 3,33 T DRY wooo/T CHARCOAL 
B - 0,35 T CHARCOAL.IT DRY WOOD OR 2,86 T DRY wooo/T CHARCOAL 
c - 0,40 T CHARCOAL.IT PRY WOOD OR 2,50 T DRY wooo/T CHARCOAL 

0PTIM1ZtD BLAST FURNACE MEANS STANDARD BLAST FURNACE WITH RAW MATERIALS DRYING, AIR BLAST DRYING, 
AIR BLAST HEATING TO 1000 CC. 
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CO.'·!PARATIVE EVALUATION OF NEWLY DEVEWP Ti:,'CHNOLOGIES FOR 
APPLICATION IN MINI STEEL PLANTS 

TABLE 5 

BRAZILIAN PRODUCTION OF SPONGE IRONCDRU 
PERIOD 1977 I 1986 

UNIT: T 
I I I I 

YEARIA~os f1Nos PIRATINII COSIGUA 1 USIBA I TOTAL 
1 

SL/RN PROCESS 
1
PUROFER PRocEss

1
HYL 1 PRocEss

1 
I I I I 

1977 18.904 137.629 201.526 1358.059 

1978 

1979 

1980 

27.571 

38.440 

50.6J5 

1981 31.371 

1982 39.359 

1983 35.022 

1984 51.347 

1985 45.077 

1986 51.622 _ ___.._ ___ _ 

64.224 

94.376 

SOURCE: CONSIDER STATISTICAL YEARBOOK 1987 . 

196.571 

191. 301 

224.178 

194.668 

187.127 

219.579 

193.104 

240.070 

243.655 

288.366 

324.117 

274.793 

226.039 

226.486 

254.601 

244.541 

285.147 

295.277 

----------------------- -
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COMPARATIVE /:,'VALUATION OF NEWLY DEVELOP TECHNOLOGIES FOR 

APPLICATION IN NINI STEEL PLANTS 

TABLE 6 

----------------------------~ 

198G DF~I CP.Pf-J;rrv ftJ~D PRODUCTION* 
---- ------ --------~- ---- - ------ ---- -----

COUNTRY 

Ar'.·cn!ina 

G_ .• na 
Canada 
Egypt 
India 
lf1donesia 
l1an 
Iraq 
Ma!aysia 
Mexico 
Ncw7c~'and 

Nir;.::ria 
rcru. 
Oatar 
Saudi J\r.1bia 
South Africa 
Sweden 
Trinidad 
U.K. 
U.S.A. 
U.SS.R. 
Vcnc1uc!a 
WGcrrm1ny 

TOTAL 

CA~fi.CriY (i;::t/y) Pf!ODUCTIC~.J (lv'it) 
------------- --------- -----·----------- -

093 
032 
004 
100 
0.72 
030 
230 
0.73 
0.49 

132 
2.03 
0.87 
102 
010 
0.40 
080 
1.11 
007 
084 
080 
0.40 
1.25 
4.50 
128 

2362 

095 
030 
003 •• 

069 

003 
0-17 
130 
000 
000 
o.sa·· 
1.37 
026 
0.11 
006 
0.49 
1.17 
0.79 
0.00 
0.38 
000 
0.16 
0.75 
2.92 
0.17 

12.68 
"S!cc'.m;.~ing ;ir.ide ORI 

SouRCE: DIRECT rRoM MIDREX 
lsr QuARTER 1987 VOL. 12 NR. 1 
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TABLE 7 
--·-- -------· 

1 Direct Reduction Plants Producing Steelmaldng-Grade DAI d 
(;ns:a.ieo or Unocr Cons~ruc:.on as o! June 1. 1987) 

1-, -s-1.1-~t-U_p _______ ! ----- I 1' ..... , N;:-c,-,..,.,-T-yp_c_O_t___,\-c11paci1y J 
1 Year I Plant ! City ! Country Process Units : Fuel I (MTPY) j Status 

~~57 .. iy.~1 ~M ' ~,'.on'.crrcy l/c .. co I HyL. I I · I G;1s 0 ~O die j 
1 • ~·~O ~-1,.1s.1 2M I ~:o,.:l!rrc:y 

1 

Vex.co 

1 

HyL I 

1

1 
: 1 G;,~ 0 ?7 Conv11'1CC1 1 

. '!:•o7 •• irn~.a Vt:r;,cruz M0 .. co l~y ... I • I c;.,,. 0 24 Opcrn:1ng 
1 1969 I OSM · r>or:.Jnd USA 11 .. mc• 2 G.1!1 0 30 D·smM::od 

1 C:·o<J hyi~.a 1P I Puct)la ~ Mc .. co ! HyL 1 I 1 1 G.1s 0 3: 1 Cto~cd 
~970 7:y;sc" O:)crhac.si!n ' W Gcr~n:'ly i r>.,,rolcr 1 : G;1s 0 15 , L).sm.i11rcd 
~ 970 ;-...;zs 1 . G:r.nnroo~ I ~;cw Zealand ' s.,·RN , 1 ' Co;JI I 0 1 7 ,. Opc•11:1n9 
'. 9:-1 °t'o..r1SW I '"'ilrr.ou•g 1 W Germany I r;. drcx 1 1 1 G<is 1 0 40 Oocr<i!·ng 
~97: GSC 1 Gco·qc:own US•\ ~.:.a:cx 1 1 Gi1S j 0 t.0 O;;c«1"ng 
•. 972 A:mco ' Hou~:on uS•\ I Ar:nco I '. I Gas 0 33 I C1n-:cd 
• 973 \.:v'.L , ~1a9ara F3••S ! Ca"aoa 1 1\ccar i 1 G.1s1Coa1 ·J 04 C:o!'.c°J 
: 973 K·~ 1 3u:i:10 : .:a•y i KM , 1 I Co.11 C Cl 1 I Cio~ad 
• 973 S·u:.icc l Co"lt:c:coour · CC1 . .,;1aa :V.•W•)• 1 1 I G11s O.: O On S:nnrmy 
'. :.113 r>.rc1:1n1 : C: J•Q1.>caas I !1tillu I Svl1N I 1 i Coal 1 0 07 I 01)Cr<i:.nr1 
1913 ;:>,;nswari ~c.,on• S Alr•ca Cocw , 1 Coal I O 15 ' O;;c>rn:.""~J 
'.97.: Hyl:;n JM \'.or.:crrcy l.~cx.co Hy._ 1 : 1 G:is 1 0 0:8 1

1

. Convc·~co 
1si1.: usoa ~:i:•1a :hu•. Hyi. 1 I 1 1 Gi.l5 G 25 0;)C'"""9 
• !)75 S:c:,~o i-lca Lilk.c C;onaaa SL•AN , 1 ! Co;1· 1' 0 35 Cio:;ca 
'. S'7o A•v•.:"J• Crc:mo"la .:ei.v K fv', i 1 I C'oa1 O (;.: I D srn,1n:1c.:i 
1976 SMC f'a:.:o:'D'·ogc C<1·.;ioa /\cca• I " . Gns'Ou I 0 2•: 1 • D•srr .. 1n::ca 
19-.·o s·:>[RCA C;i:-:-o;)(lna A·i:,cn11ni1 ~:·wr.x ' , : Gas I 0 33 i O::icr,1!1"1'.'J 
1976 : SIDOR I ' Ma:.11v;1s V1)'°ll~h1C:i1 I !1y.._ I i , i Gas ! c 36 ' O::iCT•<1!•"G 
'. :Y'.'o 1 F.o: ' M;1:.yv;is 1 Vc:nt•1uc;a • r:.or · • G;1s ' O .:,) I O;Jcr.:i:·nq 
:977 i Co~.·glia S;.in1;i C:uz I B•:11.1 ! Pl.•O'er I 1 I Q,1 I O 35 I :'.)·sm;1.,11ca 
· ~·n 1 .,SC ~··o•,;1:a ... 1n:1n 1 1':SC 1 1 Kc."oscne u 1 !i C.osea 
~977 S1uO=l \'-i.l!;;.vas 

1 
'i.:•'C1<1c:a 1 l/..wex j 1 C;:s I J 35 I Opcra'.1ng 

'.:in S•O:)()C 2 ! Con:•e:oc11r c.1 .. ar1a ' Mo•cx I Gas i Q GO I O;;c:a:•ng 
~ ~n 

1 
Hy s;i 2? · i\,ct'.1 l/r;-. co : •~y:. 1 ! 1 G;is 

1

• o G3 I upcrC1t•no 
''J 77 , r-....sco .\!'\""' 1 Ir;,~. : P1•:J!cr 1 : 1 G.:is o 33 101c 
:973 1 DRC ' Rrx:-: .. ,Jw US·\ I DRC ! ~ I Co.11 o 06 I C'osN1 
'. 978 AC,NJAR , V' i\ C:in<;'. ·'"(J'J"l·".'.l . M11:rct I G.15 ; 0 tiv I O;lCfi1"nc: 
19,3 I Q.\SCO . ljr:"lrTI Sil a Q;,'.,V : M·Of('!( 1 ~ G;1s I 0 .;o 0; cr;1: "';) 
• :}78 Kru~.11au 1 r:o:,1 3.:i·:i 1 .. r;o:'t'!~ ,, 11y1. 1 I : 1 Gns O 58 II Opcrat•r.c; 
~:·79 S·.:>OR i ~\<11ari1:i~ . '/;"1c111c·:i ~~·cr•C• I 3 ' G11s : 28 Or.ora"ng 
·9~;:: 3SC . Ht·'":c•a:.,., t,;.<. , M>Ctrci ;:> I G;1s O BO 1 •Cl1c 
: 'J~9 So·::<:C ; ~:10• ,\ Z,1ba•r ., 1c; i '°'Yi. i 1 2 G;is 

1 

u •19 . 1.:i1e 
Cl• 9 1 ,.,.,.,sa 2V.5 '""on:('rrc,• :.~c• co 1 Hyi. 111 1 \ Gas 0 25 1 O::c:'i1!•A.r; I 

'?2,0 ' •s.::o;; r>o ": ~ ~;.s I T1.•'•i.10 I : .. :·rtrcx I : G11s I o .:2 I O;)(:'il"rg 
J:·J Kr<:•;i:au Ko·;i 0.1;a 1 ;r•(:~nc·. a Hyi. 1 I 1 Gas 0 57 I O:)crat•r.g 
93J S0:>0R .1 I : .. :;r!il"l,',lS ! 'NnClucla I I iyl I I 2 I G:is , 41 I OtlCliJ:.r.g : 
:l'\J Srierpcru Ct' .. n".l)O:c l~C'u I s"'M~ 3 Coat 0 10 0;JC11i'.·f\u 

1 ~·dv , Sl·L : ?:1:o'"'c''" I 1"u" i fit.:HN , _1 Coat o 03 ~r. 
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CONTINUATION OF TABLE 7 
---- --··---·---· ------- -···---

I 

' 
Direct Reduction Plants Prociucing Steelmaking-Grade DAI 

! 

• I I 
' 
I 
I 

1 
' I 
I 

I 
I 

! 
I 

I 

. 
I 
I 

I 
I 
i 

I 
' 
I 
I 

(ins1::i1ied or under Cons:ruct1on as ot Jl,no 1. 1957) 
--, Juf 1 lY?• 01 Capncii] I Country I Process ts Fuel (MTP!l_ Sin\.~~ .. t S:.e:Jc" P:J~m;vea (',;,5-- 0 07 C:osed 

W Gcr:'1any \~·c.Jrcx 

1 

2 Gus 0 bB ld1c ; 
Vc:'ClljCIC. l1y._ 1 1 Ga:::. 0 70 O;:icra:1r-.g 
3urma r«M 1 Coi.ll 0 C2 O;:cra:.r-.g 
Sau:i /\rab•a :/,drex I ' Gas 

01.0 O;:wa:.ria 
°7'<'1Gad 

l 
~· orcx 1 Gits 01.2 Operc1!1l"'g 

Nuer.a M.arcx " G;is 1 02 Cpcr,,:1nc;,; 
i""CO~CS•a I Hyl1 ,~ Gas us Operc."r.g 
S<i .... a Arab.a :v1·a~cx I 1 Gi'lS o . .:o Ooc•iil1l"lg 
uSSM i M•arcx ' . Gas 0 .:2 O;::>era:1ng I I ~cxico 

I 
l-'y ... 111 ·, I Gas 0 50 Opcr;i:1ng 

i:"IOil flcc;,r I 
, Cn;1i 015 Operating 

S A:r.ca ~RC 

I 
1 Co<JI o ca I Operiil•ng 

\l,a:a;•s1a M1d'CX 1 G<1S 0 72 Qpera:.ng 
S •\!r1ca Sl.iF1N .. Ceil' 0 60 Opera11ng 
1 ... 0.a SURN I ~ Coal 003 Opc~a:1ng 
Bu::na KM ' 1 Co<il 0 02 Opcrat•ng 
uSSR ~/..d:cx 

l , Gi'lS O•i1 Opcrahng I Iran 
I 

r.torex Gz.s 0 ·10 I die 
l'vlnilys.a NSC I ~ GilS O.Gi:> Closed 
S A'r.ca 

\ 

'OAV 1 Coill 003 Opcra:1ng 
S N· ca usco. 1 Ga5 0 25 Closed 
USSM \·h:rcx , Gas 01\2 Opl):at1ng 
t:gyp: ' :V~1arcx : I Gns 0 72 Opcra:1ng 

I Ne.\• Zcaiand I SL/RN I. Co:i. 0.70 Opcral•r.g 
:ncl c:i I ":".s~a ~ 

I 
Ccal 0.09 Oper-.:.n~ 

USSR I 1v'..::l:ex 1 Gas 0.1.: 

I 
S:a1130 A 

:naa 
I 

Si...lRN I 1 Coa' I 015 Uncer Cons I inc.a I Cod1r ~ I Coal 0.15 Under Cons ' r-/exico I :~yl 11: I •1 G" 2.00 Delayed 

I :ran '"~iC'CX I 5 i Gas 3 20 Under Cons 
~·t,.1a l.'1drex i 2 Gns , 10 DelaJ'ed 
lra:'I :-./1drex I 2 

I 
Gas 080 Dc:m"'' i :ran HyLI I 3 Gas I , 00 I Dl'layeo 

"aq HyL I 2 Gas i 1.00 Delayed I ... L ' I I I I 

Start Up 
Year 
,~3· 

•95· 
~9a~ I ~ 1}3 ~ 
~9:-.? I 
·~1--:2 I . ~-.. , 

.,..\),._ 

~ ):;2 I ; 0::: 
I 

~9=3 
•(\ ...... 

' ._.:;J 
1 '.033 

' '933 
·~·3~ 

I :')34 
109~ 
'.~·5.: 
.9:;5 I '.93:> l 
1935 I :935 . ()- - I -:l=> 
~92'3 
• .:i-~ 
. - :>O 

P:ant City 
S~F Ho';):s 
'.o·a!\..·r:o (""1".:;cn 
S.QQi=! :1 1'.'a'anzas , 
\1.n,:"19 Corp ~.~avMO 
'-i;;~;C:\?d A. Jubao1 
.scon Po :1: L•sas 
osc \\',3'11 
K·a~:a:au Ko:;i Ba;a 
HauQQd Al·.iuOa1o 
02~:K -<.;·s~ 
,,YLSA 3M5 \".o~.:c,·cy 

C.S:L -<eor.t.ar 
Sc)w :Vietals Ge·m s:on 
SG: :..ab1..an 
:SCOR \'anoc· b ,:park 
S IL Pa:o..,cha 
\~ .... nq Corp \'.ay:no 
O::'.\-'.K Ku rs"' 
\.:Seo Ar.waz 
Pe~wa1a Chulla• 
;J1vs:eel \/iir'ldcro.,:park 
USCO Vcrceng•ng 
O:\~K Kurs"' 
Al\SDK I ;::, ::> "'he:la 

1 S':'lu I :\ZS 2 I G C:'IOrOOk 
1 • 936 . · ;::- :J:a ... ooa I ~ 967 o::MK Ku~sk 
I '95 7 1 as:L Crano.I 
i '. S·33 I Su:a'.ag 3r.andara 
I '. 933 S ::a1sa ._;is Trucnas 

I 1 ')59 ;\!SCO W.obarakeh 
'. 939 ! &S Comp:ex tv'.s..i~ata 

1 '. 939 I ,.sco A·,waz I 
I. 1!:'39 I ;\1SCO A~waz 

1989 So.dac Knor A .. Z..iba•r I 
l 

~1IDREX 3R0 
.. 

VOL, 12 4 - bil.JARTcR - - NR, SOURCE: DIRECT FROM 
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I ... -··· ... · • U;";IDO S.S. AGREEMENT 
nr. C[,T 871047 Julu 29th. 10R7 

SHEET OF 

co:-PARATIVE EVALUATION OF NEWLY [>EVELOP TECHNOLOGIES FOR 
APPLICATION IN NINI STEEL PLANTS 

TAH._E 8 

ANJlYSIS Cf CCW..S USED IN 
LURGI DIRECT REDUCTION KILNS 

I I I I I I 
A~os F1Nos P1RATINI I CHARQUEADAS I BRAZIL I 9 I 40 I 25 35 10,4 
A~os F1Nos PIRATINI (*) I LEAO I BRAZIL I 15 I 51 I 34 15 10,6 
A~os F1Nos P1RATINI (*) I BRowN CoAL BRiau./GERM.I 17 I 45 I 51 4 I0,3 
STEEL COMP. OF CANADA I FoRESTBURGIALBERTAICAN. I 20 I 51 I 40 9 10,5 
NIPPON KOKAN" I GROSE VALLEY/AUSTRALIA I 8 I 58 I 26 16 10,5 
HIGHVELD S.AFRICA I GREENSIDEIS.AFRICA I 3 I 54 I 31 15 10,6 
WESTERN TI CoRP. AusTRALIAI CoLLIE/AusTRALIA I 'll I 56 I 40 4 I0,5 
N.Z.STEEL LTD. I HUNTLY/NEW ZEALAND I 16 I 49 I 42 9 10,3 
SIDERP::RU I COKE BREEZEIPERU I 1 I 81 I 3 18 10,7 
SPONGE IRON INDIA LTD. I SINGARENI/INDIA I 8 I 44 I 31 25 10,3 
lscoR VANDERBIJLPARK I VAN DYKSDMFT/S.AFRICA I 8 I 59 I 26 14 10,6 
SOURCE: lURGI - W, SCHNABEL PAPER "FLEXIBILITY OF SL/RN COAL BASED DIRECT RE-

DUCTION IN RESPECT OF RAW MATERIALS AND FUELS", 

(*) INDUSTRIAL TEST, 
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COMPANY 

"'"' 
COf.fPARATIVE EVALUATION OF NEWLY DEVELOP TECHNOLOGIES FOR 

APP[,ICATION IN MINI STEEL PLANTS 

TAllE 9 

NW_YSES Cf IROO ffiE USED IN LURGI 
DIRECT REDUCTI~ KILNS 

A~os F1Nos PIRATINI I lTABIRA PELLETS I BRAZIL I 67 I 2,41 1,61 
A~os FtNos PIRATINI (*) I URucUM LUMP ORE I BRAZIL 169,4 0,5810,031 
NIPPON KoKAN I WASTE 0xIDE PELLETS I 55 4,91 3.310,7 ~ 
NIPPON KOKAN (*) I S1SHEN LUMP ORE IS.AFRICA! 66 2,51 0,21 
STEEL CoMP. OF CANADA I GRIFFITH PELLETS/CANADA I 67 3,41 0,61 
HECLA MINING·CORP. I LEACH RESIDUE PELLETS I 47 19,01 2,01 LS Cu 
WESTERN TI CoRP./AusTRALIA HMENITE CoNc./AusTRALIA I 30 0,81 -155 T1o~ 

I I 113'2 11l7 
I I I 

HIGHVELD SouTH AFRICA TITANIFEROUS MAGNETITE I I I 
LuMP ORE I 54 2,11 -1 L7 V20s 

HIGHVELD SOUTH AFRICA (*) SISHEN LUMP 0RE/S.AFRICA I 66 2,51 0,21 
NZ STEEL LTD. IRON SAND CoNc./N.ZEALANDI 58 l,ll 0,21 8 T1o2 I I I 
SIDERPERU 
SPONGE IRON INDIA LTD • 
IscoR VANDERBIJLPARK 
(*) LARGE SCALE TEST 

• 

MARCONA PELLETS/PERU I 66 2,21 1,01 
BAYARAM LUMP 0REllNDIA I 63 4,51 0,11 
SISHEN LUMP 0RE/S.AFRICA I 66 2,51 0,21 
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• CO.\.'P:.RATJVE ErAT,UATJON OF t"•Er1t'LY Dn't.'LOP TECH.';OLOG!t-"5 FOR 

• APPLICATION IN MINI STEEL PLANTS 

• • • • . 

• • • • • • • • • TABLE 10 

• • • THE COREX~- - (21) • COALS US""D IN PILOT PLANT UNTIL 1987 

• . , ... lTPI Ce::-n~pl. fiul cu•. \"c~1t?:rs 11m1eu . s lSI Sllz JI I I I h,1, t• I : - Ill ttrJI "I. 1~.rl,, "" ~ "" "" "" "" "' "" - ·----- ----- - ------
-• CiTF.UCITt I 5,0ilO 86.1 9.2 7.5 0.8 5.1 C3.5 24.3 17.0 ,,6 2 .1 

• t~liiF.:CIH II t,COO 90.9 5.9 5.0 0.7 3.4 45.4 32.6 9.3 2.8 1.2 

• &USJa:lltll COil t, 100 65.6 1 2 2.5 5.0 0.4 15.4 55.0 36.0 c.o 1.0 0.1 

i!l&IU C~Al 500 64.1 32.4 4.5 1.0 5.2 46.0 34.0 11.0 2.0 1.0 

• lrll1:11 tCll 1,500 45.1 41.6 7.9 0.8 22.8 50.0 28.2 10.6 8.1 1.0 

• as Cal I 1,200 57.4 :;8.2 5.9 1.0 7.1 34.2 2 2.1 17.2 6.8 4.4 

• .. t"!L II 1,000 51.7 39.0 8.0 :.1 15.3 55.3 30.9 8.3 0.9 0.9 

us COAL Ill 2,700 75.9 16.4 3.5. 0.6 9.2 56.0 30.0 6.1 t.2 C.9 

• SGUll UI. I 1,000 57.4 30.7 6.8 0.6 17.2 42.8 36.9 2.5 7.0 C.9 

• sa11 AU. 'I 550 55.8 32.2 .7.4 1.3 17.7 40.6 26.8 7.9 •f).1 1.!' 

• S~'.'~!I .:;~. ill 700 53.4 32.3 8.3 0.9 21.1 49.6 24.4 2.8 9.6 , .5 

st·;~~ !.F~. " 2,000 5€.9 36.2 9.0 0.6 10.9 49.3 3 t.6 3.1 6.1 1.5 

• SC~TH M~. y 1,900 58.3 31.2 7.5 0.6 15.3 37.9 30.2 4.9 11.8 2.1 

• ill.CDAL 
USIUN fUl; 500 63.0 33.0 4.8 o.6 5.9 41.4 24.8 8.6 7.8 3.4 

• f 
111.CDAL,FU 2,000 57.0 38.5 9.0 . 0.9 7.3 35.9 27.3 16.1 6.~ 3.7 

• 11r.rilll CUf 

• GU 3,200 82.5 2.0 7.5 t.3 15.5 27.4 5.1 21.5 17.5 6.5 

.· 

• llGNITf UI -
QUllllS,GDI 600 42.9 53.8 13.0 2.0 7.1 36.6 4.2 19.9 14.5 s.1 

• UUILIAN tau 1,500 52.6 36.6 18.0 1.5 17.0 54.0 '-3.5 8.3 1.5 0.3 

UASILIAN tCU 500 47.0 40.3 19.2 ·0.1 21.2 :.9.0 21 .5 4.2 2.9 0.4 

• .. • • • • • • . • . 
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• • • • • TABLE 11 

• • IRON ORE USED IN THE COREX• - PILOT PLANT UNTIL 1987 (21) 

• T TPE h Si Dz .llzl1 ~ .. Mtl , s r.f• 

• % % % % "%· . % % % 
--· • . 
t>'KD PEllfTS 65.1 4.70 0.60 1.JO 0.66 0.009 0.040 0.02 • U:~~~: ?!~LETS 65.5 2.22 0.52 2.13 0.30 0.024 0.009 0 05 

• ~.~Pi~i!!C FEt~ETS 65.3 5.68 0.23 o_.35 0.32 0.005 0.040 0.14 . • .. 
~.:;:.: FHtHS 67 .1 1.20 0.40 1.10 0.80 0.015 0.008 0.04 • • . 

A !:.~.·:.~~a F!tlHS 65.2 3.00 1.09 2.16 0.20 0.028 0.008 0.03 

• MT. liE~·;~:~N 

• l~!!P :S( 65.4 3.17 1.14 0.35 0.13 0.034 0.005 0.25 

Sl!llf 11 
I • ·. '!~,~:' ::!!( 66.3 3.26 1.20 0.09 0.06 0.030 0.019 0.05 

• C! :::.!: S 

• ~ ~:.:P ~RE 66.9 0.60 1.31 0.02 0.13 0.010 0.005 0.28 

!~ST5::.s t:'.'.? Cl!( • r~.,~1":•''·t:e 1 : :c.r.'.J 29.6 5.77 1.23 10.56 4.76 0.029 0.054 1.91 

• S'1ilE~ IGDRJ 50.0 11.12 2. 10 12.or: 2.80 0.140 0.048 0.51 • SISTER !:.!!Srn:N J 47.3 11. 18 2.24 11.40 5.20 0.048 0.034 2.40 

• • • • • • . 

• • • . • • • • • • •• . 
• 
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S.W.G. Scherer Jan 26th, 1988 SHEET OF 

co.~.'F!.FiATIVE EVALUATION OF NEWI.Y D/:,"VELOP TECHNOLOGIES FOR 

APPLICATION IN MINI STEEL PLANTS 

z • 

TABLE 12 <20> 

I lllJHUCIJI 

Z ll&:llU CHU CDll 

J \"HSI VIR&1:111 COil 

4 lUSTalllAN COil 

5 Hl61f VDl!Tllf llT.CUl 

' SDUJH u:rcAU CDll 

1 Hl~H ASI as COll 

I llfOIAN COil 

9 ll 51111( 

11 ~r.ASll!!:S CDll CP.ISC 

II c:HlllHI COAl Cfr.S-1 

1z •f3 1:1011:1 tc!t + •r. con 

0 0 

J 

0 s 
1 o· 

0 
·--- r· .. - --.-· . --,-- ---- .. I ... -T- -

10 20 30 40 50 

VOIAlllfS [Diif AS:I f;;lf USIS) "/ • 

Classificatio;1 of coalr. 

for COflEX··the l(R p;· ~.:iss 
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TABLE 13 

(.-c..-t •I -c> 

S:.:~ •• 

J.I 1111 

~~~. H ,,, . 
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TAltE 14 
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K.O.R.F: 

KORF OXY-REFINING FUEL SYSTEM FOR OPEN HEARTH 

FR ME,I8LLURGICfi, VESSELS 



••••••••••••••••••••••• •••••••••••••••••••••••• 
TABLE 14 A 

Su~vitRGED OXYGEN BLOWING FOR LOWER ENERGY CONSUMPTION AND HIGHER PRODUCTIVITY 

ADVANTA~ES OF THE KO.R.F. SYSTEM 

• 50-75% oecrcase in enerwy consumPllOll 

• U:> to 1.JU'li .nc'ease in ;>roductiv1ty 

• ":> 10 SJ'li c~c:eJse 1n 0 1 consumptlOll 
llS c:om;>ill'ed "':n lanong 

~ 

• Increase in meia:;ie yiel<l 

• Be~er 1~mpe:at-.re control 

• !m;:>rovcu coorc1nato0n w1tll 
conhnuous caslll"Q 

I 
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RESULTS ACHIEVED BY THE KO.R.F. SYSTEM -
IN OPEN HEARTH FURNACES 
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UCT:MSOR: f<ORTEC AG - -1 

YOUR PARTNER t=OR BETTcR STEELllnAt<ING 
--· --------- ------------------ ----

with n1any ye9rs experience 
from ifs own steµI· and rolling n1ills . 

Technical des.cription of the K.O.R.F. system 

The system uses a unique concept for introducing oxygen under the metal 
surf::tc:e and !her ,:;by improving oxidation rales and energy transfer. Th~ 
improvements arise from the stirring of the metal bath and the increased 
exposure of metal to shg and to th~ furnace a~mosphere . 

The in::.!311alion of the ncccss:lry control system ~md i:.iping can be done in 
3 months without affecting normal furmice operation The burners can be 
ir~stalled within 1?. hours during a nounal furnace repair. The furnace need 
not be modified . 

The capital cost of the sy5tcrn is low and its components are usually available 
locally . 

After uilcfcrg0in~ basic trJining in the system under the guidane;e of IK~SA's '1 

experts, furnace operators arc c:;ipable wi~1in a short period of rn2ki"ng all tho 
grades of steel includ.:?d in their production progra~. : 
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The Energy Optim/:o:ing fumoce - EOF - is th11 n~w ·way to make 
low cost high quofity sfoel. f11c fOf l1ondles 

sofid, liquid or mixed c.:~orges with equof ease and efficiency -
- and i1 dc..:-~s not need expensive electric energy for meffin!J 

Process Descrip~ion 
lt.e lOF is o k::::h bnnce lot 
~.e ~:o:!;.ict:on o! t.q./d s.•ee! vwilh 
coo? c'id o~e:i fr"m -,c.Y,:og 
rcf.os of f.o: me~at c.-.d sc:rop, 
<O.";lbi;ifng t~.e prir.Ci~cs of~ 
gen t,b ....... il"g and K'\JP rit:~· 
ing. 
n.c ;-~;n p~o.:~'.:S p~7r.c:;:.'·• 1.1r·Jet ... 
ly:n; !~.e EOf is lo ic!•oCOJCe oq
~~n i:-.~~ f~.c i:Nlh ro re:~d witlt 
ccrl,,n. '" =':~g CO \j:JS .... hich is 
!c•!:·'. ~ve~rly bo1 n'!C! ro c~ 
cb-::>· ... c the bo,h '#~;:~.:n :h: f..i:noce 
,ew::I. f!-.e • :.:! !;c.·.crurcd b-1 !he 
cwygcn r.-;·=:."-.,;~ns ii ,/~;'-;\,..,tty 
,,,c:! lo rr.c!r s~rcp 1!.~1 hos l,...,n 
p~c..io:..:~!1 pre'-1e:l!C"d. n.c cc·bon 
rc.·q;...:r\!d for ;~.e re.1::.t:on i .. intro
rlv(i.·! into t'1e bo:h c.'.!her cs a 
(On'5f;~..,t!r.t of rr,l)!~c.·n pis;·irun Ol sft 

:~.c fo:m of ,ol;.J carbon v.h:ch 
is ir.;cc r~d into 1he L.-:th and 
'"'°~led w;rh l:qu:d s\:cl !<> <rco!e 
on or1Ji(;-:if rr:.·iron. 

s~~,-:.:b!c f.cof in rhe was!~ !P~ 
i~ \f.;!:zcd for ~·c,;.·;~c ~a.hc.::;::ng 
of !he '""Pino "frocl.ory·f;r.ed 
~re;> P'f.!h~c:cr ccn~i\fing of 
~c .. c:of prc~.cc::ng sections lo
co!r;d obo.c f~.e fv<'1ore roof. 

f.".cin t.cv~mragas 
of tho fOF 
e Su!..rr.c•J<d horiNnlol r"'~en 

bfowi••<J lrovgh <;:oc:ol ~-·rrc11 
• U<c of o !;rculor sl•r.p-!rl, rorn

IJ<>d furn'J<G in wh><:h heal 
Jc.~\'!\ ore reJ11cr.d; 

. . 

e 95~; o~erb·,m:r.g of CO lo 
<:01 ;n •he fvrn.:icc, !ransforring 
"~cr~y lo 1!,e s'•,c! borh by 
rac';otion; 

e Stocip i:-rchc:o!:r.g wi:h !he 
FOrs ~"'' o!! <;;;"'"'up lo 
8'.iO "C r:n~ G''<~ tf,,,,:Jlng al 
:.c:rnp; 

• r..:tfrc'T c fTr .• ~:!1ty with rcg··irr' !o 

If ~ m~•or.;l <ficryo mm.. 

• Prc.,cn h:gh pion! o•dob:trty; 
cvmm':1dofty pro.r::n fcdino&. 
ogy 

• Mini"'Ttum cmnunl of r:uwifiory 
"1"'i'""cnl, no h:~h po·N9f 
c'f'ct1icity d::.tr:hur:"n sy.~cm, no 1 
f11rnor~ lifr;ng rr•.vfl:ng from o 
si:-cc:ol !o;:i;i~ clc•:ce1 

• U:;f:,-or.un of ~oier-rr'°!,.,:f er.,. 
fT',t; nfs for wo!'s end roof. 
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nistory 
n.e J~ .te'~r.~.cnt s'::::'!·::.::f in Apri 
1.;78 ,,.::h the tJ~ ;,,".:~.J::on for 
'"b.,-~·;;"d t•::,.:n; ;,. open 
1.,,:;s:!l lvmoces. 

11.ay :;s2 - S::::~·~'P ol 1!.e EOF 
• p~::.r F' .:.:ir c1 Ccc-.P"'nho 

S: .:~:-Urg;co Po;ns ICSfi. frozi. 
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J:::nuc:ry 1'783 - $:<.;:: ~P cJ the fJsl 
c.c:r .. ~.erc ;c! ECf s;.!c:'\t v.::h 30 t 
: o;:;;-:''9 v.e:ghl 01 CSP. 

fa~VCCf r;54 - !:,:,.;xfuc<;on al 
.... ..;:~:-cc::'e ~ rool 

A<Jost r;s.c - 1:-.!:·::.dv"-"':j."\ of rc:
rt·C>J:::b!c b:.~c.,.. car for G,:dt 
I:; ~~:.<Tl c'.:::~ge. 

, . 

l.~-,y :;36 - Sr;>t1·up ol rr-<.'t: !:>-ft" 
<Cw .... !<;-.~..:..·. ~.:.r.:;tJ i;.·..:~t-c:fet. 

J.}; ?";36 - r.rs1 co~.~~rcial 
c!'c"c~!.·:c::~n with 50"::. ).;:r~ 
c;:.t:~ct:on. 

J./y 1~57 - S!urt of -;.· :i!--.-~uap·-
cr~ -.::~·~:'\vi.th<"-°' ir.~t:".:fG\. ; 

rirsf EOF S~ccl P[ont at Componhia Siderurgica Pains 
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I j 
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C:-.·· ;,o·;;o f. ··Jrh 

•53" 
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i~ 
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Operating fads &. Fisures 
Opcrc!;ng Pro:cdure 
of th., EOF • 
0 - so~; Sm .. ;:. in O.:•ge MU... 
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n-.e lOf ic;::• en t.v· .! st.el 
cc.:-.!.,::;!"':ed in~ ~c.:i;.cl er.er e-och 
I.col 

F:c~·= o·~d mc;:i;. c~.,;:rs;ed 
!.;~~:!--er"'"~~ t."":'"e c:i~ ~c-ie cclc 

c:\ *·e f.>..:.~om~ 5·.;b=.c=1..renll, 
tqy;d ;;;:;i-•on;. "'''oduced 
lf,•o..gr-. o r.,r.r.c;. No'"°"' ... 
t:on is ,., .. ,;,~cf, cNy O"YO;Cft-is 

in••od,~d i':-:.c·.·-;'1 ,~b~·'-';ied 
"'.J)t!re'S. 

C".~·;;e r-,::-~~ 
l';;"'~l''i'l·•on 
Sc~d ~ _;;,an 
$.:sop 

f, ,! c·• f\gld 
i::-;1. b-•. ,,. r.g/d 
0..·,;en lNml/d 
T;:~-t~ !.;;i r.-nc r~in.J 
e·~~·og r~.o tr.-'n.I 

.. 
lgl'I 

67SP 
mt 
131,0 

. i1:!5p 

6Jj 
1.0 

777 
63.0 
31,9 

I ... lgh ... 
59.S Sl5) !iO.S 
29J) 
11.S .563.0 49.S 

100,0-ll387 . -"iOO.o-

13.8 
14.S 
83.0 
68.0 
36.0 

--lgl'I ... 
326.0 30,0 

76!,0 70.0 
1C-37J) -·-ioo.o 

13.2 
M.S 
98.0 
79.0 
tJJ.0 

··r,i!•~ • • • Cc' .• ·:•,,. .i .. ·:! .'9 

Scrap ro:io o;,cr SO'!W 
i;;J:d ~.cc:! p>:cc11ce' 

A <-:-:;tent t .1id tv:: :! cq·;:.j!cnt 
to ~~~ .... ccn 30 end 50 ~er <C:-'tf of 
!!-.~ •.eof .... ~.,ihl is r..c:c.~.,:ncd in 
l~e f.,m~e G~cr 1.1,,,,;ng. 
M re.;J•red roc:i;yis ;n11odvced 
~y cool in;erfon !hr.::o;;h sub-
~ .... ,~ed tv)"' ·es f.:.gc.'.het wirh 
'"'f(letl. 
Tlc r.-che?!• 1 sori? ;, """(led 
,,.,.,..,;.., ir.!o !! c r;,_.d """'· 

F'ufOQ(f! s:1c1 ovcilobf•~ 
Te.;_,.:ng IA'o:<jl 
J,r.n..i"ll (C?'JCit'y 

Aller nor.,.. Cupola - tOF 

In cr.rta;n u:·.cs i: ;s crc: . ...,m:, dfy 
o~r.:><;f:.e lo o?e'"le o Cupola -
fOf com!:.:r.o!:on woth l(X)~~ cold 
cl>01ge ,,..o~cr;ol. The Cupola 
pig ;,..:>n re.;>:< ·.1.::nPs !)Q~J of the 
'-""'(le r.-.:. r..,, ""' EOF in t.~uid 

'"""' 

301 lo 1001 
X'fl/IYJ t;:,y '" l.'iJ,OCIJ 'Pr 

,. ..• 
lgl'I .. 

- 1(47.0 _!_00~ 
llli?.l.ii 100.0 

11.0 
WJ,!l 
1:8,0 
100.0 
85.0 
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Steel Quality Aspcds 
n-... EOr i• 0 lc<t ....,.,:ng """far 
a! ~!t.c! c;· .. -otr~ !<.:;~steel 
••• ;tf.o o c~.e""''!rf typ;col for co• 
L;<.c :J !::': . .,;"'..I crt;<::> , .. ,~ 

O, < 300 ppm 01 0.1% C.: 
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•.~c1::'!v19<cl cGt\liol c.! pf.c•phc> 
-... end s..lphur i> e•cc•~nr. • 
,:.e<f cwl..:.n lc.c:I. <'1'1 l::c ad-
~ .11.-~ by i•Jb,,-.N:;~~ coof injec• 
"on. 

:-.i, <IS ppm,; 

. . 
'The EOF - an. economical p;oce'~s 
for ell routes of s:cc!incking 

Bf I 

'''Z0 

Corbo,. 
~ul 

. . . . . . . ·- -
I 5~'"""'·r1 Mc!.i~"'9Y 

" u u 
Ouocry ~;-rial ,, ... ;!c.i 

F0< ~.:jl .. .....,~~,end ~ic' ::-eel 
rr..;;l:-.g ·~~ mel~. 
e g. lc:!'e •..-!'""~ ~c<uum ~ 
s-=~-s·:"".; ere. '1 rcq-..:;:ecf. 

Benefits 
I: for f:t~,.:;arctccl Srt..·c,mcl.:ers 

n~ fCf ccn ,. .... ;!y c;..~;..;!e ~~ 
50"~ c: r.-•. ;:·e' sc. rr:p b.:. :-- e;,~;~:nc 
~c.i!;""";t•:-s v,:rh ~ -

o Rc~,,,, .. ~·d n;:."·c!:l"'.~ Costs -
by incc~';.g 11-.e ><r<0;> le>-~·:JI 
me!af rcTio 

()Ir.· rf.::::;.f_d ri--. -!_("f;on -
by sl;cld.:r.g tfie f>ol rr.e:ol 
U>?ge 

0 lcw h.c~!;:.._nr Costs 

• ror A~in~miil Srccfmaliers 

An EC! r..t:;!~~~·C(> ran l t: .::,~c~~ 
r j' w-::~ l\:O~S ~..:1.1p. rc~ ... ··::ig in 

n Po~"''".:! O; ""':;,.g Cc'1s-
by e~.'Tl-o.Jrii".g ..,~"'!of e.,.;cnsr.'!! 
C11.."<~<(i-y •::r'\d -e!c· fro:!~s. ond 
hy •.·c'.r -,!:n(j "mp I.> l'.S() "C 

0 rl"'"l;:~.;.,-d (nv:-:.;-,rr,cnt -

by r~,.c:"'.J no;,e lc,er•. reduc
ing f.:i .. ·•c dtr~ (..""."l:u::.~s ond 
h.·.~··..,,:J ('~~ '.:" c;.r-:;.~;:;es 

Ole"" h.,_ s!.,.._nr Costs 

. 
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CO:·~fRATIVE 1:.V.AJ1JATION OF I·~EWLY Dl:.VELOPED 'l'l:.'CliNQIJX;IES 

FCR J\.PPLICATION IN MINI STILL PI.ANI'S 

TABLE 25 - ES1'IMAfi"D FEASIBIUTY FOR THE INHONM.A.KING PLANT 

Site Location : 

Process . . 
Annual Capacity: 

Fix (FI): US$ 
Total (TI): US$ 

x 101 

x 101 

INVESTMENT 

Fix per unit (Ul-"I) : US$ 
'fotal per unit (UTI): ~ 

/t 
/t 

--- ----------------------1-----1-------1--------1-----1--------1-·----·--
. 1 T E M I Unit 1consrnp. ! Price I Cost I Per I Year 

. ~------------------- --------f-!!--+-~l~---1-~~$/~-4~-l-~~-!!-~--!~~+~ -~ _!d 
1. VARL6Bl.E COSTS I --. -- . -----. -

1.1 Ores 

1 • 2 R~duclant 

1.3 Electric Energy 

1.5 Others (1.1+1.2 + 1.3) 

2. FIXED COSTS 

2.1 r:a:nt:n:rre&r:et. 4 % u FI 

2.2 Labour 0 1 lOx Variable Cost 

2.3 Capital - 18 % UTI 

3. CREDITS . 
Gas 
Coal Fi~s 

4. OPERATIONAL COSTS 
1 + (2 - 2,3) - 3 

5. TOI'AL COSTS (1 + 2 - 3) 

6. SAT.ES 

7 • 
E - 4 

t 

..I ______________________________ .. ________________________________________________ , 
Remarks: Date 

Exchange Rate: 

Domestic Currency/US$ 
Domestic Curl'f'ncy /IM 
Domestic Currency/Yen 
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ro:·iP/.J<ATIVE EVAUJATIOO OF Nl:.VILY Dt.VEI.DPED 'l'J:l:;ffa'OLO:aES 

FOR APPLICATION IN MINI STEEL Pl.ANTS 

TABIE 2U - E::>-,'IMATID FEASIBIUTY FOR THE STEEUW<IlC PLANT 

Site Location 

Process 

. . 

. . 
Annual Capacity : 

INVESTMENT 
Fix (FI): US$ x 101 Fix per unit (UF:): US$ /t 
Tota 1 (TI) : US$ x 101 Total per unit (lTl'I) : US$ It 
-~-----------------------1---~------1------1-------i--------1~-----

Uni t Con.5l.Vlp. Price Cost Per I Year 
. I T EM I U I U/t I tr.;$/t IUS$ I ti u xlc:I US$ xlc:I 

---...:.---------------------+----{-------+-------+-----+----~-------
1. VARIABLE COSTS 
1.1 Liquid Metal t 
1.2 Solid Pig Irvn t 
1.3 Sponge Iron -
1.~ Scrap t 
1. 5 Ferro AlJ oys t 
1.6 Electric F.ncrgy kWh 
1. 7 Oxygen Nm3 

1.e Electrodes 
1.9 Others 5%(1.1 +1.2+ ••• 1.&) 

2. FIXF.D COSTS 
2 .1 11'.aint.:n:roe &Yet. 4 % lFI 
2.2 Laba.Jr0,10 x Variable Cost 
2.3 C"-~pital 18 % lTl'I 

3. CREDITS 

4. OPERATIONAL COSTS 

1 + (2 - 2,3) - 3 

S. TOTAL COSTS {l + 2 - 3) 

6. SAl.E.S 

6 - 4 
7• t:;i'r- I --------- -------------------·--------------------------------------·-----------
Remarks: Date 

Exchange Rate: 

Domestic Currency/US$ 
Domestic Currency /'fM 
Domestic Currency /Yen 
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Table 27 .• C t: F Steel Plant Prlcu tor th• Raw Matorlala and Main Syppllu 

' N Dus TR I AL p LA NT M~to Grosso do SUl State Date • October 1987 
(So.lthwest of. Brazil) 

• ?rice C ( F tor the Raw Material• and main SYppliu: 

I 

Supplies 
Uftit Prico 

u I SoYrce I FOB 
, Ul/U 

Transport 
Syatem and 
Dlatanoea 

T ranai:ort 
Prlo• 

u U/u 

1,00 

Exchange Rate• 

Domutlo cyrrency/U~ 
Oomutlc cYrrtncy/OM 
Domutlc cYrrency/Yen 

Price 
CI F 
1J 0/U 

11,00 

Remark• 

53,64 
29,76 
0,3727 

Olarooal - -1= ~ro<Wtim ! 10.00 I ~at": up to 

I 
==se 

1 

t CorudJio 6 ,82 Railway - 500 1<m 6, 70 I 13, 52 1

1 

mininun 6S " Fe 

I 
On~ j t I Conirt>S :?5 00 R 

1
__§,. zo I 31, 20 ,1--------1 

~1-tooe I t ,- I 6,~1Hisj1way-3001<m I 8,L8 I 15,00 I 

I Quartzite I t ,- I 6,50 !Highway- 2001<m i 5,00 I 11,50 

~ Electr'ic_ j lorstribution 
~rgy 1 kWh lnet work 0.035 

I I I I I · I-
._ I I ! i I I I 
1· II I I I 1------
l I 

~ 
~ 

> ~;icni=' ;-: :g :;-=·"':. 
~ • j 2 
~ ~ p;gi:: 
"i "i w ~ C!S 

i ~ ~ '1!J> . a cn 
~ ~ .., . 
~ .§ Fi 
gj i (_.~ ~ 
~ ~ ! ; 

~ ~ ~·~ 
~ i 
~ ~ ~ 
~ = 

~I~~ 
i 
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co:·:PARA1'1VE EVAWATION OF r:EWLY D.!::V-t.LOPJ::D 1'ECHNOl1Xil.ES 

FOR APPIJ:CATIOO IN MINI STEEL Pl.ANTS 

TABI..E 28 - F.s'I'IMl'\TED FEASIBILITY FOR THE INRON!·!AKING PLANT 

Site Location 

Process 

Mato Grosso do Sul Stat.e (Southwest of Brazil) 

Cllarcoal Blast F\Jmace 

Annual Capacity: 62.000 tpy 

Fix (FI): US$ 3, 72 x 10' 
Total (TI): US$ 4,95 x 101 

INVESTMENT 

Fix per unit (ill,I): US$ €0,00/t 
'fotal per l.lflit (UTI): US$ oo,oo/t 

~---------------------~----1-----T:-------1-------1-------1--------1---------

. 1 T EM I lklit 1Consurp. 1 Price I Cost I Per I Year 
U U/t US$/U US$ / t U x 1<>3 IB$ x to' 

-------------------------------l-----l-~---~------l-------l--------l---------
1. VARL6.BLE COSTS 

1.1 Ores 

1.2 Reduclant 

1.3 Electric Energy 

1.5 Others (1.1+1.2+ 1.3) 

2. FIXID COSTS 

2.1J.i3intnrre&:r:.et.4%UFI 

2.2 LabourO,lOxVariable Cost 

2.3 Capital - 18 % Vl'I 

3. CREDITS. 
Gas 
Coal Fines 

4. OPERATIONAL COSTS 

1 + (2 - 2,3) - 3 

5. TCYrAL COSTS (1 + 2 - 3) 

6. SALES 

7. 
6-4 

t 

m' 

1
Gca1 

I m' 
I 
I 
I 
I 
I 
I 
I 

1 66,.06 I 
·I-I 

1,s2 13,76 I 20,91 I 94,24 

3,50 11,00 I 38,50 I 211,00 

100 

0,90 
0,35 

I I 
0,035 3,50 r-200.00 

3,60 
5,50 

3,15 

23,41 

2,40 

6,61 

14,40 

3,24 
1,93 

69,90 

84,30 

89,00 

0,238 

55,80 
21,70 

.4.095,.72 

1.296,42 

2.387 ,00 

217,00 

19~.30 

.t .• ASl.,42 

148,80 

409,82 

892,80 

20J,88 
119,66 

4.333,80 

5.226,60 ------

----------------·----------------·------------------------------~----------------

Remarks: Date : October 1987 
Exchange Rate: 

Do.~stic Cur:r..1ncy/US$ 53,64 
Dancstic Currency/IJIJ 29, 76 
Danestic Currency/Yen 0,~27 

.. 
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CO-:·iPAHATIVE F.V.AJlJATION OF NB·.'LY Dt.VEJ.OP.t:D 'lmii.J\)I.(x;IES 

FOR APPIJC'.A'l'I<l'l IN MINI ST.EEL Pl.4NI'S 

TABIE 29 - ESTIMATED FEASIBILI'IY FUR THE S1'EEJ1.:ftYJNG PlANl' 

Site Location : Mato Grosso do Sul State (Southwest of Brazil) 

Process : EOF + ContiR.10JS Casting 

.Annual Capacity : 100.000 tpy 

INVESTMENT 
Fix (FI): US$ 9,00 x 101 Fix per unit (UFI): US$ 90,00 /t 
Total (TI): US$ 11,70x 101 Total per unit (UTI): ~117,00 /t 
~---------------~---------1----1--------1-------1-------1--------1~----

Uni t Consurp. Price Cost Per Year 
- 1 TE M I U I U/t I US$/t IUS$ 1 ti U xlo' IUS$ xlo' 

----~----------------------f-----f--------f-------f------f-~--f~~---
1. VARLA.BLE cosrs I 1124,1-7 I 112.411,00 
1.1 Liquid I·~tal t 0,56 I 89,00 49,84 I 56,00 4.984,00 
1.2 Solid Pig Iron t 0,54 I 89,00 48,06 I 54,00 4.806,00 

1.3 Sponge Iron - - I - - I - -
1.4 Scrap t 0,02 I 89,00 1, 7~ I 2,00 178,00 
1.5 Ferro Allov.5t t 0,0211400,00 8,50 I 2,10 850,00 
1.6 Electric Fnergy kWh 45,00 0,035 1,58 14.soo,oo 158,00 
1. 7 Oxygen Mn

3 
85,oo 0,100 8,50 la.soo,oo 850,00 

1.8 Electrod-~& 
1.9 Others 5%(1.1 +1.2+ ••• 1.8) 

2. FIXI:D COSTS 
2 .1 Mainb-ra-oe &Itet. 4 % lFI 
2.2 Labour 0,10 x Variable Cost 
2.3 Capital 18 % UTI 

3. CREDITS 

4. OPERA'I'IuNAL COSTS 
1 + (2 - 2,3) - 3 

5. 'IDTAL COSTS (1 + 2 - 3) 

6. SALES 

- - - - -
5,91 591,00 

-31108. a.1oa 100 
3,60 360,00 

12,42 1.242,00 
21,06 2.106,00 

- -
~40,19 ~4.019,00 
! I 
~61,25 ~6.125,00 

~70,00 ~7.000,00 
s - 4 I I 

7. UTI I 0,255 I 
~------------------------------------~------ ----------------------------------
Remarks: oa~..e : October 1987 

Zxchange Rate: 

DOl~stic (,urrency/US$ 53,64 
Domestic Currency/OM 29,76 
DomP.stic Currency/Yen 0,3727 

, 
I 
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Tl1e cl1arcoal blast furi1ace in Brazil 

Hcnrict• Je Carlos Pfeifer 

1. INTRODUCTION 

~ abundant. high grade iron ore deposits as ·:. 211 as 1he 
huge exlention of its terrilory. widely covered by tropical and 
subtropical forests, are loo wel known charac!eristics of 
Brazi. 

These features, combined with lhe growing demand for 
iron and steel and with entrepreneurial abifdies of the popula
tion. led lo the development of an important charcoal based 
iron production capadty. Total output 1985 was 6.8 mrlion 
tons. 2.5 of which were exported. 

Afthough this branch ol the Brazilian iron and steel in
duslty originated and developed in the Minas Ger.Us iron ore 
district, up lo now responsible for 85% of total production, the 
recent development of the eastern Amazon region (Caraj~) 
and of southweslem Brazil (Ma1o Grosso do Sul) offers al 
conditions for a new upsurge of charcoal pig iron production, 
which is likely lo double the prnsent output within the next six 
years. 

The high grade iron produced in charcoal blast furna~es, 
combined with ils lower operation cost and capital investment, 
in contrast with that of coke blast furnaces, has resultoo in an 
increasing demand in Brazil and abroad for this raw ITISllCrial 
This demand has come specificaHy from electric arc furnace 
plants. which have lo cope with scarce, expensive and 
contaminated scrap. In these plants a te ;hnique has been 
~veloped for charging up lo 30"/o charcr al pig iron with the 
melaHic burden. As a result, there hove been acl"Jeved 
remarkably good economic results in respect to energy, 
quality and costs • 

On the export market, the new demand 1s explained by 
the need of high quafity, non contaminatec! mctaffics, easy to 
handle and to store, both to complement the scrap supply as 
weft ;:ts to substitute the hot metal of blast furnaces which 
have shut down. 

P-ig iron is an ideal product in this connection, pointing to 
2n increasing potential mar~et for Brazifaan charcoal pig iron. 

These features explain the growing importance given in 
Brazil not only to the charcoal blast furnaces but also to the 
related activities of reforestation and charcoal manufacture • 

2. THE IMPORTANCE OF THE CHARCOAL BLAST 
FURNACE FOR BRAZILIAN ECONOMY 

Table I sur.imarizes the development of Brazilian iron 
production during the last few years. As may be seen, char· 
coal blast furnaces are responsible for about 38% of lolal iron 
production. Output of independent plants comes to the 
domestic market, where 11 covers !he demand of foundries 
and, on a growing scale, arc furnace based non-integrated 
steel plants, or ii is exported. 

The growth of charcoal pig iron sales both on the domes· 

tic market and abroad seems to signalize a stable a'ld long 
term tendency, supported IJy three main factors: the IQw cc-st 
ol this product; ils quality; and ils energy content. This '~st 
factor is assuming growing importance, since the energy 
represented by the 4% C and 0.6 Si may be fuDy used 
adequately equipped electric arc furnaces, leading to cor
responcling savings of electric energy. Monetar) expression 
of these savings is somewhere between US$ 10.00 and 
USS 25.00 per ton of pig, de~n<frng on the price for electric 
energy, when adding between 20 and 30% pig to the EAF 
charge (1) (2) • 

Table I - Brazilian Iron Production 1.0001 

Iron Production Charcoal P-ig Iron Sales 

Charcoal Blast Furnace -
Coke Blast Integrated Independent Dor.;eslic 

Year Tolal Furnace Plants Producers Markel Export 

1986 e.110 4, 141 1,895 2,133 544 775 
1980 12,685 7,744 2,494 2,447 949 841 
1984 17,230 10,744 3,002 3,484 952 2.484 
1985 18,961 12.132 3,000 3,829 1,219 2,478 

Source: 185-Statistical Yealbook 1986. 

lmport'.lnce of charcoal pig iron for Brazilian economy. 
however, p.Jes far b~yond the substitution of S.'.:arce scrap 
and the growing exports. The related reforestation and char
coal production activities are an important source of jobs in 
the rural area, generating a safe and steady income for tens 
of thousands of families. The social and economic importan.:e 
of these activities is undcrfined by the following figures, 
showing total labor employed (3): 

in reforestation : 106,000 
in charcoal manufacture: 210,000 

These activities are spread over far more than 250,000 
square kilometers retaining people on the country, in undis· 
rupled social and family binding. 

It is our opinion Iha! one or the other developing country 
offers conditions which are sufficienlly similar to those in 
Brazil, thus allowing for the installation of a charcoal-based 
iron and sleel industry • 

3. DIFFERENCES BETW~EN THE CHARCOAL AND 
THE COKE BLAST FURNACE 
The charcoal blast furnace presents some basic differ· 

ences as lo the coke blast furnace, which arise from the char· 
acter of charcoal when compared to normal coke (4) (5) (6): 

Temperature: 
Temperature in the reserve zone is about 150 •c lower 

(800 •c as against 950 •q in the charcoal than in the coke 

Henrlque Carlo1 Pfeifer - Mochanical and Mufdlfurgical C ngincer - MJn;iging Director of ol K TS - Korf T ecnologia Sidoni:gica L tda. 

Technical paper proscnlod IO tho lnlcrnJ/iona/ Confe1enco of Iron and Srcol T ochnology in ncvoloping Counfrirs. Novrmbar t 986. s.10 Paulo.'Brazll. 
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• • ------------- ----_ ch.Jr.;o;itbQsl~~ -----------------25 • ~tfurnace. 

.esidence Tme: 
Residence time of the ore in the reserve zone in lhe 

eharcoal furnace is about half that of the coke blast furnace. 

~e in Burden: 
• Since charcoal has a much bwer apparent density 
~230kglm3) than that of coke (540kglm'). the volume 
9af<en by the ore in the charcoal blast furnace (tS~C.) is about 
.tia1f thai · in the coke illast furnace (30%). This factor. 
Wl>gether wah the differences between charcoal and coke. 
.ccounl for the following particulGnlies: 

a • The chaicoal blast furnace demands a highly reduc
Wl>le ore or agglomerate. 

• • The charcoal blast furnace is less demanding in 
.regard lo the size and crepitation properties of the ore, since 
Wlhe gas flow is more affected by the reduclant than by the ore • • Blast Temperature: 
• The bl2st temperature in charcoal blast furnace is irnited 
-ao around 850 •c. 
W Higher temperatures le?.d lo a richer lop gas, with no 
.urther decrease in the ·coal rate•. 

hg: 
• Charcoal blast furnace iron is known b be of higher 

grade than that of coke blast furnace, because of its lower 
9sulphur contenl This is particularly true in Brazil, where low 
.-Phosphorous iron ore produces an iron which is low in both 
9sulphur and phosphorous. Furthermore, the low ash content 
.. abt. 3%) reduce~ ihe charcoal blast furnace slag volume up 

lo 120 kglt, with low b?.~icity (usuany 0,9), aftO\·.ing additior.al 
9energy savings. 

•Refractory: 
• The lower blast temperature means a lower flame tem-

perature and lower strain regarding the lining, which may be 
90f cheaper quality (50% and, in very special cases, 

•
70% ~.~ O~. As a further consequence, cooling is 'miled to 
shen cooling with no need of boxes and other cooling 

edev;ces. · 

.Top Gas Temperature: 

• 
Also the lop gas lemperal•Jre is lower in the case of the 

charcoal blast furnace: 90 •c to 120 •c, as against 150 to 
e200 •c for the conventional coke blast furnace. 

euse of Sinle;: 

• 
As sh'JWn by (4), the rcplaet'!menl of screened ore by 

sinter does not result in any charcoal savings unless the fur
e nace is operating in ihe so caned "crilicar productivity range 

(27 to 33 t/rri' --day). Even in this rang.~. the saving is sman. • 
•

Size: 
The charcoal blast furnace has an upper limit as to its 

esize, mainly due ·10 low mechanical resi:;tance of the char-
coal. There are only three such furnaces in the range of 800 e1o 12or. :pd, which is the lop !lize. Another lour or live fur· 

• 
naces have a capacity of 400 to 500 tpd, one of them being 
the new furn?.ce started up in early 1986 with several im· 

• provelll{;r.ts. AD others, tolaRing over 100 furnaces, have a 
• capacity between 60 and 200 tpd. 

• 
Bla:;t Preheating: 

T~ sman size or the charcoal blast furnace and ifs kiwer 
• blast temperature make ii possible lo elimina!e the conven-

tional slovcs for blast prehea!ing, substitu•rng them by me· 
e 1affic heal exchaO!Jers callt.:d "glcndons", which cost sub-

• 
slanciafty less. The few already mentioned furnaces bigger 
than 400 lpd, however arc outriHcd with stoves, with the 

• e"ceplion or tho most modern one?, already mentioned, which 
• operal~s with gl.cndons giving 850 °C in the blast. .. 

Fans: 
Because of the lower density of lhe charcoa~ the 

permeability of the burden is belter and conscqucnUy lhe 
pressure drop through th.? furnace is low (3 to 5 m of water 
column). Simple fans in series may therefore be used lo 
provide the blast air, in ieu of heavy blowers. 

Investment 
The smal size and simpricity of the charcoal blast fur

nace, wilh its simple air blowing and heating devices, 
~expensive instrumentation and gas washing, . almost ma
nual pig caster, simple raw material handfrng and storing ar.d 
low-cost refractory lining demands very low investmenl 

This is in the range of about USS 50.00 to E'J.00 per Ion 
lo yearty capaoly, as against USS 120.00 to 150.00 in the 
case of the conventional coke blast furnace. 

4. THE CHARCOAL BLAST FURf'!ACE 

Concept 
The basic concept of a charccal blast furnace plant is 

shown on Fig.1, in plan vi;:·:1 and section, and on Fig. 2. as 
a flow sheet. 

Typical parameters for two furnaces o~ different sizes are 
as follows: 

1 2 

Nominal capacity f/day 180 n 400. 
Yearly production (fiquid) \]y 63,000 140,000 
Operating days pt>" year daysly 350 350 
Lenglh or campaingn yea is 3!04 4f05 
Rer111ing lime (lap ro tap) days 20 20 

-
n Real production is as high as ~50 ~. wi1h a 515 ~record_ 

These are the main dimensions of the furnaces: 

Hear!h diameter m 
Paraner section " m 
Working heighl m 
Working volume ~ 
Number of tu;-eres 

• T uyere diameter mm 
Top pressure m WC 

1 2 

2.75 
3.82 

14.45 

4.20 
5.20 

16.00 

95 100 
1.8 3.4 

--------

11~ J 2~ 
---~---- ----

Blasl conditions: 

-------- ------· 
2 

----- --·--- --
Maximum flow Nm3/h 10,500 28,000 
Blowers in series 5 6 
Power of each blower HP 150 250 
Blasl pressure m WC 8.0 9.5 
Blasl temperature •c 780 850 

--- ---·-- -- ---- ----·-

Top gas pressure shall be sufficient to overcome the 
pressure drop of the venturi-type gas cleaning plant. About 
30% of !hi& gas arc demanded by th~ glcndon blast preheater, 
whereas the balance is available for use by anyheal de· 
m.1nding industry which may settle in !he neighbourhood. Top 
gas analysys is as tonows, by volume and on a dry basis: 

% 
-----·--

co 23 IO 26 
H2 5 ID 7 
CH4 1 
COz 16 ID 18 
Nz b,1l;ince 

lower healing value remains between 950 end 1.000 
kcal/Nm3• ~ince the gas is lhe fuel for the •91cndon" pre· 
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heater it has to be cleaned to about 30 mg:Nn1' o: so!ids in 
suspension. 

In case the excess gas is used by more demanding 
constumers it wiD have to be cleaned more thoroughly, up to a 
level of 5 to 8 mg/Nm', as in the .:ase of the 400 tpd furnace 
mc:alioned as an example. The pressure of the c:can gas 
made available is between 300 and 500 rrvn of \0:ater column. 

The Furnace 
The furnace (Fig.3) is of the self-supporting type, with 

double bel closing, fitted with material receiving hopper; 
intermediate chamber pressure equalizing system; stock 
level indicator; oov.aicomer leading straight into the dust 

{-. -------· ---· --· -

ju 
~~ ~:;- >-:-: :_-:-: _: . . -=~r ., 

I 
i .. -· - ----· 

CHARCOAL BLAST FURNACE 
Plan View 

CHARCOAL BLAST FURNACE 
Section 

c:atc~r. Coo!·ng is c.-.teonal by ~·~aler spr.:ys <!:stri~utcd round 
the shcD, \•.:ic:cas the tu~-cre cool!ng is conventional. 

The -Glendon~ Type Blasl Prehcater 
The counter-flow metaDic heat exchanger called gtendon 

is shown in plan view and section on Fig. 4. Fui::lcd with top 
gas, the modern glcndon delivers the blast at 800 to 850 •c • 
with a thermal efficiency of about 6Qo/.._ In order lo reach such 
a performance the glendon has undergone some impro
vements in design 2nd materials (e.g. centrifugally cast 
refractory steel pipes in the hottest zone), but there are stil 
many oldlashioncd units with cast iron piping, delivering the 
b!ast with only -~00 to 600 •c, at an c:ficif:ncy of not more than 

----···---------------

L ____ _j 
r-· 1 
i ~ 
j_ ____ J 

1 · Ch.1rcoJ/ Unloading System; 2 - Ch,wo.11.<;:;;rago Cor-.v1.yu15; 3 - Cf.:ircc.1l Stor,1go; 4 - Ch:11coJ/rrlr,1Ct'ngConvoyors; 
5 - Cf1arcoal Screening; 6 - Screened ChiJrcoal Con .. cyors; I - Clwccal f.~L .. 1suring Oin; 8 Ch;,rr:oal Fines Conveyors; 
9 - ChJrco:JI Fnes Bin; 10 • lro11 Ore Bins; 11 Iron 01e Com-e:'lor, 12 - lton 010 So.;·(.'ning; 13- Arfd.:i1·0 bins; 14 ·Additive 
Conveyor; 15 ·Iron Orn & Additive Vloigll;ng CJjn; 16 ·Iron Ore Adr1'111·e Ch.irr;o Om; 17 · S~ip C.'.,u~m7 Ruc:-.ct; 18 ·Blast 
Fu111,1ce; 19 .. C.1s Clo:inin~; 20 ··Blowers lfo11se, 21 Air i'rchc,1ters (GIMdonsJ: 22 •. Pig lion C.1sr.'r1g f .. .ichine • 

'r1kT'LllPC1t 'tt 1 5Rf!' 7 '0Nfl ycy , NQ' oc1gnfe 1901 
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Pig Casting S}•stt?m 
Older furnaces use to tap continuously, through a fore

hearth, direcUy onto a manuaDy driven casting wheel The 
normal procedure is lo tat> into a ladle, conveyed by hoist IO 
the casting machine, which is either of lhe wheel or of lhe 
moving bell type. The newest trend goes lo piglets of about 
2 kg weight, with rounded-off edges, aUowing lo be handled 
as a bulk material. conveyed on bells and drOIJP'-'<i dirccUy 
into the ship's hold. Granulation may also be considered, as 
an alternative. 

Other Aspects 
For further details refer lo papers (5), (7) and (8). 

5. REFORESTATION 

Since 1966 reforestation is mandatory for al wood 
consumers be it for charcoal. pulp, fuel or whatsoever, in 
such a proportion that 50o/o of their demand will be supplied by 
own forests. This obligation, fulfL'led with rather varying zeal 
and backed by a program of fiscal incentives, led to the im
plantation of a total of 4.5 million heclars of forests, from whi
ch 1.0 mr!ft0n is for charcoal proJuclion. Due lo several fac
tors, one of which is lhe low yield of lhe older reforestation 
projects developed with incipient technology (average yearly 

increment Of 10 lo 15 ~l'"rCS rcr hcclar and )'C3f, instead of 
lhe p!.:lnned 25), lhe present smre of charcoal from re
forestation in overal consumption is only 17%, anhough there 
are some i."ld"widual com~nics where this rat.: rectches 50%.. 
For this reason and due to the~ extinction of lhe native 
forests around lhe iron producing regions (!'..~as Gerais and 
Esprrilo Santo), a change in present regulation is anlicipcsted. 
in lhe sense of increasing 'rom 50 to 100% lhe compulsory 
reforestation. Such an extension would have a considerable 
influence on capital demand, both for already existing and 
sp..">CiaP., for new plants as wil be seen later. in the chapter on 
Investment. · · 

Maintenance and even expansr.n of lhc fiscal incentives 
program, which carries resources from other inves:ors to the 
reforestation activity, will be imperative in such case. 

Reforestation for charcoal is made with different species 
of the genus ·eucalyptus", developed from seeds or, more 
recently, by vegetative produclion('"cloning1. After 8 years 
a first cut is made, fonowcd by a second and third cuts in 
successive intervals of 6 lo 7 years, closing one cycle of 20 
lo 22 years. The average yearly increment expected for the 
full cycle falls between 20 and 25 sl/ha-)'ear but. as already 
mentioned, in several older projects lhe yield upon lhe first cut 
was far less. Therefore there is a growing tendency lo rr:form 
lhe forests, i.e., to substitute low ;'iekf forests without \",-a;:ing 
for lhc second anct third cuts. 

The cost of reforestation is presented on Table 11, being 
mainly a function of lhe quality of soil and of the interest rate, 

c=J ....-. (''~ ~-~ 
~,-n- ~r=' ~-« _6_ 

t t nnt 
CHARCOAV? Lll!ESTONE~ 

JIAW L!ATERIALS 

SILICA IRO~L9.~-
~-NGANESE_QRE 

scREEMNG a YR-B1 . .... ,.. f 
1 IRON ORE 

~ FINES 

Cl4ARCOAL 1 
FINES ~ 

~ ~ 

l!ILAST- - -- -1 
FURNACE ~ _ ----------,. 

LADLE 

OAS CLUNINI 

Fig. 2 - Floiv Di.1gr;11n of a C/Jarcoal BldSI Fumaca Plant 
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GRANULATION ~ 
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FURNACE 

GAS SURPLUS 
TO PLANT OR 
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(-VO!~~ 
SHIPPING 

GL[NOON 

HEAT EXCHAPlGER 
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The immedate analysis of charcoal obWted in wet 

operated beei"live kilns is lhe folio\Ying: 
aiesides h planting techniques, fertiziling etc (9). 
~ 2,,00/sl may be taken as an average price lor standing 

Since specific consumption of eucapyplus wood is 
stfm1 of charcoal. 1he resufting cost of wood is 
4.00lm' of charcoal . 

• Table I - Cost al Relorestalion (USS/slol standing wood) US$lsl 

Three a.of qde 
l22JUIS) 

Onec:ulqde 
(8~ 

WeakSoil Awerage WeakSoil Avge. 
Soi Soil 

Tolal PIOCktion st/ha 260 
•aemanl sllha·J 11.I 

Weresl 0 1.92 
r.dl 6 3..66 
pd/Jell 10 6.06 

• NOTE: willaut renuierafion al land 

•s. cHMCOAL 

520 1l'O 200 
23.6 12.5 25..0 

Q.96 4.00 2.00 
1.83 5..92 2.96 
3..03 7.60 3..80 

• a Charcoal is a heterogeneous material for \'Vhich 1here are 
9no standard specifications. Its quality and characteristics 
~pel'ld on the ki1d of wood employed and on lhe car-

bonization process parameters, speciaDy in regard to tem
e>erature and tme. Production and consumptm are growing 
.in Brazil, as shown on Table Ill 

• Table• - Chan::ual Consum¢on in Brazi 

Year 

1976 
1980 
1984 
1985 

From Native From 
Forests Re~es!alion 

1,456 
2.788 
S.010 
S.501 

• Soun:e: BSS!alisK<llYearbook· 1986 

~r.( OISf"""'Oll 
• __ (OPT~J- _ 

• StOC• LllC 

• • • 

Tolal 

1S.500 
19.644 
29,607 
32, 137 

"I. tom 
Rebeslation 

9.4 
14.1 
16.9 
17.1 

• • •'°~ • • • • • 

4:~" -..... ,.,,., 
• !&!!&. 

··~- ··:': . -~ - __ l!f•~I! 

, ~rt~: ~;~: -~ :_:.-, .... ' . . . - -
.. . .. . 

• 
-·· --···111_ . ,____ ------ ---·--- -- -- -. --- - - -

• Fig. 3 .- Tl,. Cll.Jrr:oal Blasl F umace - Section 

FixedC 
Volatile Matter 
Ash 
P (as P2 0J 

70 75 
20 25 
3 5 
0.06 - 0.08 

Moisture contenl is around 8%. going up lo 20% in 1he 
rainy season. Other chatacleristics: 

Bulk density (dry basis) 
Size: 0 - 10 nm 

10 - 50 nm 
50 - 200 nm 

Lowe; heating vakJe 
(dry Basis) 
Ash analysis (%): ~ 06 

MgO 
AJ,O 
Fe2 03 
KzO 
Na,O 
s 
p 

Volatile mar.er analysis (vol.%): 
"2 
~H. 
co, 

200 - 280 kg/rn1 
10 - 15% 
60 - 80% 
10 - 20% 

: 6800 
15 
25 

- 7200 kcallkg 
25 

6 , 
3 

10 
1 
0.05 -
1 

64 
7 

20 
9 

45 
7 
4 
5 

15 
2 
0.06 
3 

Consumploo per ton of pig iron: In the case of wcl-built 
furnaces, with 800 •c blast temperature and adequate raw 
material preparation, lhe following data are representative for 
lhe yearly average consumption, as referred to one ton of 
basic iron produced: 

-----------

------- --·----· --·---···-
Fig. 4 - -aicn.Jon-Typ• Bl.ul Prchcatt1r 

' 
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Net quantity charged to furnace 
Fines recovered 
losses 
Gross quantity purchased 

m' 

2.90 
0.35 
0.25 
3.50 

kgll (dry Basis) 

640.0 
123.D 
35.0 

798.0 

Charcoal is normaly ~ i'I brick kilns. ~ i'I 
groups close ID the forests and are periodicaly cismanded 
and rehuil i'I the neighborhood ol lhc next forest ready to be 
aL 

The incr~c£Sing proportion of planled forests makes i 
worthwhile lo cenlraize charcoal production. building larger 
kins or cmployilg mctalic kilns. even contnious ones. wilt 
tar recovery. lnveslmenl i'I this case wil be considerably, 
higher, rai$inQ doubls on the return on investment. besides 
the rise ol some problems relating lo charcoal quaity. re
garding mainly ilc:: size ;>..id friabiily • 

The cost "ee felling. wood transportali>n and p:&ng. 
charcoal rnanut: .:lure inck:cWIQ kiln depreciation. ba«Mg of 
charcoal on trucks and general administration amounts to 
between USS 6.00 and 9.00 per cubic meter • 

Transportatior-usualy by truck-between charcoal 
manufadure and iron plant costs between USS 2.00 and 
5.00/m'. accor<ing to distance (basis: USS O.Ollm'·km) • 

Total cost of the cubics rreter ol charcoal therefore 
comes to: 

Wood, stanaing 
Felling, charcoal making etc. 
Freight to iron plant 
Total C&F iron planl 

US$lm' 

4.00 - 6.00 
6.00 - 9.00 
2.00 - 5.00 

12.00 - 20.00 

At an average bulk density of 238 kg/m1 this is equiv
alent to USS 50.00 to 84.00 per ton of charcoa~ a range were 
the market price has established itseH for many years, wilh 
strong fluctuations • 

The trend, however, is towards the higher limit. as ii is 
being observed along the current year of 19S6. 

Summing it up, the technical indices are the foDowing: 

Range Average 
Steres of wood per hectar and year 
(stlha-y) 12 to 25 22 
Steres of wood per m3 of charcoal 
(sllm1) 1.8 to 2.2 2.0 
Gro~s charcoal consumption per t of 
pig (m311) 3.2 lo 3.8 3.5 -· Tons of pig per hectar and year 
Cllha-y) 4.3 to 1.4 3.1 

This means that the production of 100,000 tpy of iron, for 
instance, al a basis of 100% own reforestation, demands a 
reforested area of 32,000 ha. This resulls ~'l a lotal demand of 
land of the order of 44,000 ha for the suslained production of 
100,000 t/y of pig iron, since the reforested area may only 
cover up to 75% or the total available land, being the remain. 
der assigned for reserves of native forest, rotids etc. 

7. INVESTMENT 

Total investment in a charcoal iron plant is composed of ' 
three wen identified parcels: inveslimcnt in the induslrial plant; ' 
investment demanded by reforestation; investment to be , 
made for cutting and handling the wood and for cMrcoal , 
manufacture. 

' 
The first parcel - investment in lhe industrial plant - , 

amounts to USS 50.00 to 60.00 per yearly Ion of capacity, 
under Brazilian cvndilions, and has to be disbursed in a one· ' 
year in111rval, which is the normal installalion period. It has to ' 

be accrued by the r.eccssar)' \".-orking capital 
The second parcel - investment in rcforc:;~tion - has IO 

be expected in a linear dislri>ution over a period cover~ lhe 
year of construction and the first 7 operating years ol the 
plant. There are two cases to consider. 
i . Refc :esration on a basis cf ~ of the consurnplion. as 

per the present regulation.. In this case. tolal inveslmcnl 
wil be equivalent ID (1 : 3.1) : 2 = 0.16 hall-y. 
demanding the purchase of 0.44 : 2 = D.22 hall-y. As
swning that land wil cost USS 300.00lha ano lolal cost of 
reforestation is USS 400.00Jha. lhere rcsuls a total in
veslmenl of USS 130.00ll-y. lo be paid c:M in B success
ive annual rarcels ol USS 1625 each. starting from lhe 
year of instalation ol the plant. 
Practice has shown that in terms of cash the industrial 
operation i1sc11 generates these resources. right from lhe 
f•st year on. even adrru':"".ing that no lax incentives are 
avaiable. 

i. Rellorestation on a 100% basis: 
In this case. which sooner or laler wil become reality. al 
least il regions Y.there native woods approach exhaustion. 
inveslmcnt \'Vil be twice that of case (i}: total investment in 
·reforestation and land wil be ol US$ 2\iO.OOJl-ycar, to be 
paid oul i'I 8 successive and almost equal parcels ol 
USS 32.50. Ttis amount wil nol be generaled any more by 
industrial operation. \'Vhich wil cover al best USS 20.00. 
leaving the remainder lo be covered in the fonn r;1 new re
sources from shareholders or from incentives, or else by 
long-term flllaf'IOOg. Whifh a view on this there are elfofts 
being made to develop credit lines in foreign currency wilh 
compatible interest rates and grace period (up to 8 years). 
A further possi!.::!ily is lo rent the land on a long-term basis. 
such reducing own inveslmerj. 

The Ltjrd parcel. finally. corresponding lo the equipmenl 
for tree fering and handling. charcoal maki'lg and related a~ 
viiies, amounts to a total between US$ 12.00 lo 16.00ll-year 
for the case ol 50% selfsufficicncy, or USS 24.00 to 32.00 for 
100% own charcoal pr=>dJction. In both cases this investmenl 
nas to be paid out in the seventh year d operation of the 
p!anl, and in terms of cash it wil be paid back in one year. 
with the r .. st harvest ol charcoal. 

Therefore there is no "4"oblem in funcfing this parcel. 
Besides, the whole of these operations may be subcontracted 
with third parties, thus avoi<fing the commilmenl d own 
resources. 

From the foregoing the folowing conclusions made be 
drawn: 
• Investment in the industrial unit is the least parcel of overal 

investment in a pig iron plant; however, it has to be 1)3id JUI 
at once, in the year of instanation of the plant. 

• At present, where only 50% of own reforestation are re
quired, the investment in reforestation. including land, 
spread over 8 successive years, is generated by industrial 
operation itself, in terms of cash. with the exception of the 
year of instalfalion of the planl 

• In the case of 100"/o O\'m reforeslation, likely lo occur in the 
future, industrial operation will nof be able lo generate al 
the cash necessary lo cover investment in reforestation. 
The investor wil have lo be prepared lo commit an addi
tional annual sum of the order of US$ 10.00 lo 15.00 per 
ye~rly ton of pig iron, up lo the sP.venlh year of operation. 

• From the eight year of oparalion onwards, when the plant· 
starts lo be supplied by its own charcoal, the return on 
investment starts lo be very high. 

8. CHARCOAL BLAST FURNACE OPERATION 

Theoretical Aspocr. 
Since charcoal is much more reactive than coke, the 

reaction C + 002 _. 2 CO begins around 750 lo 800 •c in 
lho charcoal blast furnace, as against 900 to 950 •c in lhe 
case of coke. This fact is responsible for the lower tempera
tu; e of the U1ermal reserve zone in the charcoal blast furnace. 
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For lhe sa<ne rca..oo. lhe incf11ect redJction is more inlense 
lh.ln in h coke b!ast furnace. TM lhe k>\"ICf slack hcigN. 
\mch is a concfi".ion ireposed by lhe lower mechanical resis
lance \A the charcoaf. !>ccomes admissi>le. On lhe oltlSf 
hand. lhe lower react!on kinetics n .. -bfed lo SIC lo\"ler ~ 
lure demand a highly reducli>le ore. 

Tne low b.,. dcnsit/ of charcoal (240 kg/m3 as ~ 
550 for coke) rn:lkes lhal about 7591. ol lhe furnace voti.me is 
occupied by lhe rcdt.IClanl So. l'he penreabiily ol lhe t ... den 
is widely dclermined by the charcoal. which has lo be care
fuly screened (Q~ least at 3181. charged in sepa1ale lc._ l.!r5 
and should be Jl1ifonn in size. which in pra..--tice is an 
irf1>ossi>le COO<ibt. 

smce ash co."ltenl ol charcoal is very low (abl. 3%). 
s~ is nonexistent and iron ore is of high grade. ch3rcoal 
blast furnaces usualy WOik wilh a low slag vobne. in Ille 
range between 100 and 160 kgll ol iron (as agcmst 300 kg tor 
coke). Since no sulphw has lo be removed lhe slag may be 
acid. wilh a basicity ~Ca 0 +Mg 0 lo Si 0 ratio) between 0.8 
and 0.9. as against 1.3 to 1 .. 4 in lhe coke bfast furnace. 

Due lo al lhe foregoing considerations. lhe travel lilJlE; ol 
burden lhre>ugl lhe furnace is lower (4 lo 6 hours) lhan in lhe 
coke blast furnace. This makes the ctlarcoal blast furnace 
very sensitive and quickly reacting to burden changes. a fad 
which has lo be born in mind when operating ii. 

Raw Materials 

The Materials Flow Chart (Fig. 5) shows a representative 
exMl>fe ol materials balance for a charcoal blast furnace. 

The balance is based on Brazian raw mateOals ol lhe 
usual characteristics, spcc!aDy lhe iron ore with about 65% 
Fe, in the size ol 114• lo 314•. Charcoaf. vmich is lhe 
weightiest raw material both for the cost and for the operating 

p.11amelcrs of the blast furnace. has already been lhoroughly 
examined. The other ra\v rrolerials do without more detlled 
analysis. 

c:peta:i:n Lala 

Provided lhe peculiarities ol lhe charcoal blast furnace 
as isled above are borne in nWICf. lhe operation ol such a fur
nace is easy and does not demand highly skilcd labor. 
alhough a lhorough expcricnce is required. ~ activiy 
areas are charcoal unloading; raw material preparation and 
charging; lapping and casting; mainlenarice and \dties; 
administration and supervision. 

In lhe case of the 63.000 tpy ~ ~ as an example. 
lhe folowing labor would be required for continuous 4 shill 
operation: 

Charcoal unloading : 14 
Raw materials handling and charging: 16 
Tapping and casting 22 
Mainlenance and ufiities. lab. 15 
Miscelancous 8 
Administration and supervision 10 

Tolal 85 

Wdh lhe above crew. total labor omounls lo about 3,3 
man-hours per ton or pig iron. at a cost of about USS 5.00 per 
ton under brazilian conditions. Productivity is in lhe range ol 
130 l per man-year • 

PIOcfucts and Waste Proc/ucts 

P-ig Iron: 
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Fig. 5 - Malorials flow ' 
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Alhough pig iron specifications present mir.or varialions 
from one market ID lhe olher. the normal 3n3lysis al basic 
charcoal ~ iron is as folows: 

c 3.8 - 4,2"1. 
Si 0.4 - 0.5% 
Mn 0.2 -0.5"' 
P- 0.10-0.1~ 
s 0.05 maUnum. 

Foundry iron differs many in Si ~s (up lo 3.0%} 
and P (down ID 0.08). hs production leads IO a decrease in 
procilctivily of lhe furnace (up ID 20%) and an increase (10%) 
in speciric charcoal consumption. 

The usual specification asks tor pigs of 10 IO 30 kg. 
dean and convenient for hardng. wilh adequate maiking. 
Such pigs. ho-:.te\"el', cannot be handed by bucket wheel 
reclamers nor conveyed by nounal bel conveyors. Further
more. due ID lheir wc9li lhcy may nol be dropped direcly 
inlo an unprepared ship hold. For this reason lhe lrend is 
lowards lhe production of •piglets• of 1.5 :o 3.0 kg weif;ll. and 
rounded4 corners. which improve lhe ~ operations 
also al buyers end. leading IO a ~bncial freight reciJc1ion. 
AnoCher allernative may be lhe •granu1ation· al pig iron as 
shown by operational tests already performed in lhe coonrry • 
corroborated by extensive foreign experience.. 

Al presenl the FOB price for basic pig iron is ab<d 
USS105.00ll. whereas foundry pig iron costs US$ 6.00 ID 
10.00 more. Domestic price corresponds IO lhe FOB price 
plus laxes. 

Gas: 
The surplus gas generated by lhP. ch2 ·coal blast furnace. 

after covering the glendons' consumption. amounts IO about 
1,200 Nm3 per ton of iron. With a lower hcating valle befween 
950 and 1,050 kcaUNm'. this surP.fus gas lolals about 
1.2 Gcam. a considerable amount of energy, equivalent ID 
120 kg fuel oi. 

The gas is fuDy used in integrated plants, mainly in the 
reheating furnaces of rolling mils. It is usuaDy wasted. how
ever. in the case of independent blast furnaces, offering a 
remarkable energy potential for heat demanding industries. 

Operating Cost 

Under usual Brazilian ""'ncfrtions, as described above, 
production cost of basic cmrcoal pig iron may be illustrated 
as shown on Table lvt6-10• If d.:prcciation is added, at a rate 
of 1~ on fixed investment, the total cost comes to be about 
USS 90,00 per Ion of pig iron FOT plant. 

In !hose cases where the surplus gas is fuDy used, a 
credit of up lo USS 8.00 lo 10.00 per Ion of pig iron has lo be 
accounted ror ,bringing the lolal cost to about USS 80.00 per 
Ion of pig. 

9. NEW DEVELOPMENTS 

The new upsurge of lhe charcoal blast furnace which is 
taking place in Brazil during the last years is giving way to a 
search for improvements, bolh in process and equipment, 
aiming mainly at improving energy balance and cuHing 
wastes. 

One big waste is sliD Ifie surplus gas of sill!''" blast fur· 
naces, which is lost to atmosphere in an amount of abouC 
1.2 Gcal per Ion of pig iron. Since lhe gas is a lean gas, 
however, the only way of economic utmzalion is the in
stallation of heat-demanding industries right aside the blast 
furnace, or vice-versa. Lime ca"-:ining plants, ceramic indus
tries, cement and peRelizing plants are examp;cs of such in
dustries. The generation of electric energy is SliD expensive 
under present price conditions, but may become a solution in 
the future • 

..., .. .-a .. 1r11,Aa"1K)"" va • m• oc1 oot: 8 'W 

SuccP.Ssful t-lfoltS are bcflg made ID irnprove lhe 
gfcndon bbst tJreJl. .:ater. in Older ID incrPase ils thermal ~ 
cicncy and lowe; the investment. Carefol redimension':'\g. uli
ization of cenlrilugafJ cast sleel pipes and combustion 
conlrOI are some mcasu:cs which ~resr:nl success. 

Mcn!ion shoutf als? be made of irr¥overnenlS devet
~ on the blast liJmaee ilsel. such as a keener control ol 
the dwge. automatior. of the raw malerials handling and 
charging system. in1Jrovecf moniloring etc. ~ al together 
~to iq>tove clflCicncy and reduce costs. 

The proper uliizalion of charcoal fines is another v:ay ol 
culling wastes.. 

---
Speciic l1nil CoSlper 
~ Price I of pig 

unll USSll USSll 

A. Raw Ualetials 12.11 
CharCOlll ni' 3.50 16.00 56.00 
ton ON I 1.63 9.40 15-32 
lime ana Dolomia I 0.10 1..00 0.80 
Silica I 0.04 6.00 Q..24 
l!anganese Ore I 0.03 15-00 0.45 

z 
B. labor 2..90 5.00 

Oired .... 0.40 1.40 4.06 
hfirecl and AdmrlQaive .... 2..35 0.94 

C. Uiscebneous 0.10 3.60 
EIEaic Enetg1 L1Wh 25.00 2.50 
Water(1) ni' -
atietS - 1.10 

o. SeMces (2) 4.00 

E. Cre:fi«s (3J 0.35 (2.~ 
C1lan:cal F" ines ni' a.oo (2..&q 

F. Provisions 0.50 
Provision for new iring 0.50 --

TOTAL- Production Cost 83.11 

(1) Ccst lnducfed in labor and eledric e:iergr 
(2) Ser.rices under conlr act ancf/or m;.:.:.NJs tor rnainlenance. il'lternal 

•anspoct etc. . 
(3) Gas surpl!JS is noc being aeclilld 

As already pointed out, these f1t1es under 3/W° are being 
sold al low prices as fuel. Their use in lhe process ilself or in 
new reduc:ion processes in being the aim of many efforts. 
One already proven technology is that of injecting charcoal 
rines through lhe tuyeres<n.121. ACESITA, a Braziian char· 
coal based inlegraled special steel plant, got excellent 
resulls with the process they dcvelop.ed<13•14'1, translated into 
charcoal savings by eliminating the waste of fines. No data 
have yet been pubfished, however, about lf'.e investm:?nl :ind 
the overal economy of fines injection, comparing !he savings 
against the injection costs, such as energy for drying and 
grinding, inert gas consumption, maintenance etc • 

The development or adaptation of new reduction pro
cesses caJ>clble Of using charcoal fines is another possible 
way for !he economic ulifization of this waste product. An 
example is lhe KR Proccss<1:;1. which is able to use cfirecdy 
the available fraction of - 3111'. 

The addilion of charcoal to the burden of coke blast fur· 
naces, under certain special conditions'''' has already been 
tried with success. 

A further important area for new improvements are the 
charcoal making techniques. Tar recovery is becoming a 
slandard practice'171, allowing the recovery of about 80 kg of 
rar per Ion of charcoal in brick kilns (against up to 200 kg in 
conrinuous me!alfic kilns). The use or tar as a substitute of 
fuel oil is a proven practice, once some corrosion problems in 
the fuel and burnor system have been overcome. The sut>
slilution rate is or 3 kg of tar for 2 kg of oil. 
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• Ne\"l charcoal furnace designs also al!o-.-: ext!!nsivc heat 
recoveryP•>. with considerable improvem...'llt in the e:rtciency 

9>' the carbonization process. The substituiion of brick kilns 
abr metalic ones offers a great potential for yield and cost 
.unprovcment. allhough for the time being the invcslmdnl stil 
~s not seem to be compensaling. 

Last but not least. important in1>rovemcnts are under 
9-aY in the reforestation activi"!y. Some of these impro
avemerls• which are bringing remarkable increases in yiefdC19l 

~the folowiP): 
• • Genetic improvement of species 

• Reproduction by clones rather than by seeds 
• • Larger mechanization 

• Training of labor and SlJtl<!rvisOO 
• • Energetic use ol the wasle biOmass fhranches, 
• leaves) 

Alogelher, these developments s.'?ow the vr1·:,ity of the 
~ilian charcoal iron industry, an ex.ample of · :uccessfut 
fJl"°'striaJ activi!y based on re11ewable et'lf:rgctic resources. 
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ANNEX 2 

OPERATING EXPERIENCE WITH CHARCOAL BLAST FURNACE AND 

EOF STEELMAKING IN BRASIL 
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(i'tl'.<,TJtG t:J'.i u.u:a VllH c;~ fu.5T tU.:;N:[. J.:G 'f'!'E ! 1:.!'!P.r.t.!!G IN !"".AUL 

H. ~ l'f".,.t fer - r.rs I 't>rf c....._, - llr'41J 
o. E. ~L.-0.-S - PAlJiS - eraztJ 

'ttr. ina1n f"•at\:rcs oC the ~ bl;.:;t f\Jn~ ard U.. IIIF ~.-.s "-'"" 1>..-calJ
~- 1tie br•,ztJSan PAU!S pl:J:\t ts dl:scrlb!d, v,th ~Ir ~..:;f\.d cu"!,lr..;aUcn GI 
cl"~ blast f\arnaccs :..Ill EDF :stn:Ji:.:.ld.._. kl .;>o:C<Ant ls ~l"'-n on tp·n\l...al 
practice, p......UUon co::ts ;..-.d hM.-:.toa:nlt Clt'J"'S. ~c.-w·raJ altc-n·-:s- c.n:tpta 
Cor ~tntrc the EDF' .. -Ith n-d.Jctlan proc.,~san:n.nU<JD:d, ~<':lo"ifC the""~ 

Ullty of" U... EDF tn "'&""' to :;olld ch;~ ;.rd hot -t.aJ • 

In p...-vle-.JS !>' .. -.-rs (J) (2) U.r: U:-.,.,rt~ 
role or the ct---ucoal t.J ast f\lrnacC In t!r;.;:U t-.as 

k<"f"o ~!nkd OtJt. low c:=l of Ct-""'0'>1 1"1& Iron, 
ct..e to l0o< prked .-- ::-.:.t.·1elals ..,.., the sL-:;>11-
ci ty ... ,., .-~ oC c.;cratlon or the ~. to
&ct.¥.IC "'ith Its ~ity ard <rr,..-.;y co.nt.:nt 1<:rder 

U-.1s ctt;:>JJtc SO'..in:e Into a C;.vo:-11.Ae d.a..-&lrc 

r.;;t.e-rlal f'lr t...,., dcc:1eic r.•dt !!oop, In """;~ 

ttms 1.;> to 30 "· 

1llC u:.F ( "'•':-r::t (';.tir..l7lng F\.m~:c") on 
t....,c.:Y.rl-.--d, ~t:· .... l~·,dbyt?c ;.t.:.F c~ at tt..:; 

b:;;.;:IJIM Cu-;...:!>la ~!c!r::!rc;lca PAINS pl;;.-.t, ts 
a ccrM1...-d blew rTnnlng pX>Cc~ cri&!r.•lly ba
"'d en a 60" hOt ,,..,w 2..°ld «> ~ scr"" c:?~"U"f:e • 

JIJl.h<~=ct> t.'"ie EOr ts ~!r.g c:.:.,,..lqrd Into a 
1ro ~cold c~ ... 1.:"&~ ~.,·!t!r.g :::id o. fh.~na 6 \.·ice. 
it Is !&,ally ~ul:l-d for rl.;..-.ts .. ~.Id-. have ;in a-
vall::!'.>llity or t.ot r•·tal. 

Shiee tr. ~:"':'7..tl. ;._·;•9'.'Jl .-..s tn r,,!'t f"4·.,,...lo

rir~ c.-·=~trif"S• ~I;;> is ~; ... "Ce• ,,;4 :·~t·.-c n."lld 
1r• .. n·:-...'ll!\1r:,t;Jy Co."':'1!:-:.'1 :1 .. ,trd. 1'1!,_;'f'".1.$ rc.·c :'.Ort or 
<dll Is l!~.:.J!y ;;·•->11;,.'>lf!', :},.., CU"'.·ir··•tl<n or a 
hl . ..:·t :":a~i: . .=r: 1i1dth ~ f-),)f' i''" ·r~!.!: a t-.. ·.: .. iy :-.olu-

1 lcn for '""" ;,l"-'lts ;,s ,..,11 .,s for tr~,.. .o:;tna 
c.,.·..rlty or r•.i•flr>& c.:.-s • 

This r~-..::r pn: ... ;nts !n 6 tan the lat.est 
.,.. ... ,, .,q,_ d;;to. Cor thl s ..._ . ., ::.cc. !:Sf\JJ J niutt to 

s~l. 1n a pl=t >l\lch c-.-oh...,.., rrua 2llO to 
.COO.COO tpy !n a Cev y.·..-s. It also ttntlU1S 

t\Jr:.?.cr .. ~·---;.~cs or rrdrt tcr. p:ocr~~ ~.,td\ ra.
'llC~Jy co:c!>ir"' wt th the fJS ror the pn:,.a..aeuan 
or lowcv.:t billets. Such...,, the :;:-.a)J c:dct blast 
f\:."T.-ce, "1th ccr!.lr.atfon t:l:>:st 1\Jma::e /FJ[i,£1[ 
DR rJant, thc a:r.:x pro.:-~. ~ethers. 

n.... '""'at n .. >;<lbillty or u. lllf" tn 1• £.'".rd 
to :-..>Ud ;n1 u...,1d c:Mr&e as -n as to pl"1t 
,;h~ :-.-;-~ I.he ~:"C'!0•-cts for this p"ocr..s Jed< 

bridit. 

DJe to ~loo inv>·,.: .... nt c.." ·-~-.1rd. lls"-U.
pllc:ty of .o;.o;r..Um ...--.d u.,,, la..:-<~t. h!f11 ..,,.. 
Jtty hU'\ r:t:-~JCMS. c't'-.~1"C"-.·.al t!.~t :'\;:i .... -r.s ~re 
,.-ntng &r"'."iro& l<'i"<Jrtn.-..-., In Fr;,%11 • 

J.:. >.!"..-...."'\ In ':'•,?,Ir 1, tct"1 ''·"r·;t orrhal'
coa.J Iron in 1~"6 r~:·-h--d 7,!> r:-ill!U>lm:s, ac
ccci:.'.!ng fu1·r ..•• ., :.~: .... -;7 ~or ''''"l in-:\ t-n:d.c
ttc.n in !ir;-Jtl. Fr· n t!'lfs •. :v~.r.ttmacc.~~ldrra
blr ~" •. "\!'T.' &'-~s. lo t.'v- t .. .;,url :- \rkr.t. :.3 •~• .. y...n tn 

T.:..")lr '· !\Jt ;ct~ lhr. "-··· !-~! tc :-.\:-:...r.t ~"':."\.):;. a 
ln c.d <'f O<'• ~''6 <", c.e.-1 !'ur 1 ~£ lrnn, 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

'r.ln.., r.-'1n f3"tor.5 "":Srort ., .-h &,....'th~ u .... 1-
nr-t oC this prt><".JCt; lls pu-lty; ....., Its r:.·:a 
<'t.c.lt:nl. Thia i:.,.t r;.:tor ls "'"""°:-!q £1"".wiJC 
t:-;"IX"t:.nct:. !: Iner u"' •-=>·ra ; • .,. .. :.r.ni..-d by the 
4 ,i: C •• ad 0,6 ,i: SI "-Vb. f\Jlly u:-•-d bl' ;o.~ 1-""le-
17 .-.:;d;"'-d rh-ctrlc :LpC ~1.:~ .. •...-.;.!!tc to 

,~u ... ~ :-wires oC rh::-trlc ..... ,-g. "-"'wft 

:.-"!Ir.at~ ..... .,.. ;It) :nJ :lO" r·I& t.oU"' r>I d-~. 
::..ad\ •-3'\."'fr.gs :t:0.nl to ~~.-.,!, IT l•·tv.-.:n 
t.~"$ t!>,00 :ii:ld USS ~.oo ,._,. tm oC r-tr.. 6-;·~ 
c!lr>£"" ~ J>l"ltt ror r:J.-ctrlc .,. ra (4) (!>)

This trnds i;:o~l:,.ly to tll' U.: ''''"fl.•rltt :J<W 
r•=t ~1.JJ ~ viu1.,_ 1..o r-v ror ct--... ~ pl& 1n 
ru.;jf"'l:.an lo !:cr-ap • 

I:;, f<..!r.:.t..d c.ul t.yT~t...-s l ;.,S 2. v:--.. .--..-ncz 
:!."d .ca " oC all c!'..crcc.,I ;.l& ! '~ Is pro-"....,-d b.J 
"'° callrd int<&r-ab-d pl:;nts, -.~ch t:: ... ~!;,~r:JJ' 
~t:: .. .,....rt t?c t.at n.:-t.aJ !nto ::.'!.rrl. 1hfs !s the 

.,~ oC .. ....., -n-1<:-.c:--. t :-:.=!JI:.-. n.~1 r-l:>:i!s, 

1..">lc:h "1T Jlst•-d In T;ble 3 • 

[)u-.-:;Uc s.:.Jes or d.:...-cc.al s;ts; I~."" the 

e>:t...:r t-.1<"1d, cc·.-,,r u..., ~ ""-"d or r ... -.!:-t.s <rd. 
Cft a t.~•irc !.:'ale-. f.?l.:lt o! ;u-,: t\.:rr.·.:e ~ 
r~-tr.:...-t,:-:.t:t&.:d s:...-.eJ rl~its. ~-·~trl6 \;>' ~or s.:::-ap 
:..~:"'!.:~~ ;.:."!:::.;:;'lJr=.n:!ng f..':'£:U o_~.-.::"'.::.;::: aJ

"""!y ~- •• ~ ic:..,.S. 
It is ..-_,r:r--... lle i:•.ntl<r.ir& t..._,,t ...., 1,...-.ort...t 
~.·!r-1~•-c:r;..t~~ :'-""'C n.:._,..r.::e shr.J rl-'lt oC I dl
llcn t;:·y c-.-.:,:lty 1sp:-.:::..'1tly 1:_,;WHroa • c...,.. 
co:;J U.;st f\!.....-..-.~ !.n c,...j.:r to t.·:rfll b>:.'l r1ua 
t..,,, c:-, -Jcal '"""'LY .-J 11""' • c.:?":>li;-y or t:.e td 
'°•:t>J. not to ~· :".tlcn ~!'-' tc.;> £-~ !"' ::;-1;: l-•1tdti 
f$ a ...... }CCt9r. r.rJ ~.;:;·lt.;L~.t ror 1'-~:t~!:-.. ~ 

r • .::-es ;.."'\d :.:-!le )',.-a:.lr-.i; :..t;:.':.lt.~. 

/.$ ",; .•• -z ,~ .. "~-'.:cooo1 t1,, .. t r .. """'=" 1t:.r1r, its 
rdfn fc.-,a.!.u~ ;"..~ 1r.Vt"!,•..:a.nt C~t. ;?$ ..,...JJ :llS 

rc<CJ!"' !-tatlm ~ c!'-.An:aa.l r:.~lf;:':~u."""e. l"l.!'cttn

ccs (1) ;~1 (;>) £!"" a &:·~·-=-al r!c~""'· r:=•n: 1 
t J Jc.::;tr .. t•·:.. Uri':. ct;:.:cc 1.! tl ;.~t t'\;:"f!..,:~ :-:._,.. :~-\;~· 

rr.E r.:r fF:OCE:SS 

~ .... r~f ("!;,_ ;a;;y ~-:. ~~! :;i;.;:;-;.--:~.:i::'"") ':tr'!""!'& 

(J) !:-. r~:··:1~i:'\!l)" r.\ <·•.y.;..,-:'\ ~':.•f'?~.-...!r._;•:,..-,. ... .s 
\;:'!c.g ~<· :.,,,,._, •lc!o: bk·i~. 

('\'\.;,c,.•-n f=-ln;c.e~,-~J11oj!'L•·"'·"UY~~::<t•.:.r:,'\ !.;e
ci,•l ~·:;··.-n·s tnto t."'.r. t.:fh, ;.:11 <rii'·n ': hlu-n 
into U'-' f"urr ~c ""'~~,.-~ ;•··:r b:f "",trr .-- .• ~!· J 1n
t•·c~<\t$, ~ :-~-n in F~t;.:rr 2. 

n.., ~s "---.S .,.,,...,._.dl")"t:•' t:".";;f' C:~ 

at Its L.-..::111~ fAlf.:0 pt: .. t, In l'h.-lr:;->ll-£, 
'°t3t.e or P.Jr-.~ C.-r:.t.:, »1th U.r !do::. or ult!,.-.'"tte 
r"'lla>'>ll:::.o.U'6\ oC u.· (\'•:n t..-ar~ t\::•~-.ce. AJ

t.""''Et> p> "'-''':..-"" ''"' E"'"'t 0.-alt-lllty oC I.he 
(If .... lo •J..- r "-•""' llm eoC' hot ···tal "'"' ~<>lids 
1n t!.,e d1:u~ .. ~~ f..OFt.-..:.. .. ~ ... --~~tc=-!J7 !r..::•·:':id 
r•~xuvtty :r>d n~-...t c=t, t!L".,.-.,. ..... 1nt:r to 
It:; e,_,,:.-J "ffk!orio:7. ";his !s a •~-..ult oC I.he 

~-t !%.fi,i-d ~,. or I~.' ra .... r1Vt..-d !°n.Jll t?~ Col lcv

lrc t.~ ~-'."tin:es: 

I • c-.. ~cal c:. ra ...,.J,.;"":d In u"' L.'l•h ~ en 

Its &•-=•tlJ' '"'"' •..to--d =-~:...-e by u.., n:ac
Ucr.:: t.. :-.._,,, lr.j<-etTdr.x;eo-r. ;.:4 •·dd!z;ible 
c:-JJ ::• nt~ .. t:--.;:~tr.g ;.-!.>_-d c~!.ion.. 

II • Q-,_-:-.l<:al •:r._rry 6--rl.....S rrua t!w: !.~'·frlt oL 
m ="" l• .-~. j (rue. Ur. t-~:t.h., ""1 t~.tn t.'v- ~"'Tiil

ce at~:.;1-r.re. 

Ill. ! .. -:r-;!bh: !".(.Olt co:rA·jo..-dl.yt!".e t.o: [.~..,.5 rna 
U11: r ..... .,:~~ to t?L cold :s.::r;., c!'"-..l:!i:,-=-=! Into 

tt,. r:-r~"~-

Start tr.,L ~;· :--;'!: tc:-.:.t t?1- t":".1 < ~ l':•C!' _..._, ha
\.·!r; t:'Y'!-f'"£C'"~ ~--r~ !=;or!.All ct--·.:.:,•!: ~-.. --.:r :. !r.c:e • 
t:"' t! :-;;t 28 t :.;;: or FAU.S t.:.!q !,4$ t.;y rollow
tr.;; r-.r!'"c."'"........-e: 

n h<-;c,ts ,..,r -
29 c;ys r~ r <"•~•- -Upt 

1 ~ •>~ ~-~!z.t,:--.:ret: t. : .. ·m c;_-.;:-~!~ 

12 c;c;-;>l(;'S r.cr. '"ar 
:"8 l of"' L-.,.j bll I< ts per t,.at 
no.ooo to- or ,,.A Mll,,.ts. 

T°fl"·sr. f!,£~:-.:s ; .. !"\!' U-.a! r ~.lit or '!'-:'-'! 1-
por!.:at (,· ;-1.~·.::• !: c~ ._.""':' : ~ ;_~1"<7 ;~ ;• • :'\f. r-:.. ~ Jy: 

r .. -;J'l:."r.' '~ ll!' ·-::!1..:~<~:f'd :•le.:, :.i:.s • .. !airh .ve 
:a !'; .... i:-f;.J!.y o:" ~tr. r .. _:.! C:n.J(> 

T:-~··r~,.:.5 ~··~![;l of Ur.:-·: ... .; ;·:•~J·;.!rr. •..-.r
r._.~!;,r. .1 lr -i. H.rc:- rvr. ~J Ct. .:-~:t,;,i~T rlc
:'•:.t.s. 1n :;)ite- or a f\'JO oC" ,,,!:r~~1;.c: t• ·;-e
r~~'J:"e' ;...-.. 1 6( n."l .., ~-.:: tc . ..1 r-: ... >"•r.a .... :L"•t or 
!'"()le.£ , •. r r-~:-.c!(' ,.~·~c or :.:r?>;>. 

F•.:1 v."'!·lr r,::'!'-<r. h;-,ttrr.i, :·;;;·-,:·tl-d by tJ.e 

?-:;:.!•P t" • .r •'.ic..._. :tilJr ... ~ <;Jtrk •»d. -;.;,r -.t the 
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~---et.41 ~~· :£"-d oxyc n tu; ... , .. ~. a:..:r~""l~trc 

)<.<!£ c;c;:.:.li;>S. 

F!c-:tt J <ho-'S U..: 60 t EOF •rut <"~' .~ed 
to st:.rt q• :·;.lien In Ap:-iJ 1!!"...8 at Ur. 11.a:JITI 
1•J:"1l In :C°«> P:<rlo. !!r...,n. f'i£"'"' c p• <•·nts 

:-.....: of Ur q---1:..tlonal wo;ulls "ct.ltv.:d 1n U1C 
211 l ~ at Fl.ms. 

~ .... -.: c!t.~ n. Jt.'".· • .nt c~~.:-;:i<.11::~ ;."'~
tl.:.."\ lr,!l.-.·:s ;...-.: :..~- fc;! lc-:iz:g. at pn ,.,.,.l (re

r. r:• d to =.t• ~1 !n !:dle): 

f' ... ::,-L"'-n cc ....... ;-;~ian 
Oil f"(.·:>.::-.:-;,t1an 

rr!°r:·-:t<.::y C~"-·· :·;.:_ic.:;,: 

r:'<V'-...;:!iv1ty 

T;,;-tc-t:,.-. ttr.r 

78 r;;..' /t. 
.c.6 •-eft. 
'.!.O kg/t. ...... tch 

.c.!. ;,.cjt ~c~rt·:r;-... d 
:.o f('!;':':«..-d r !•-ct"S. 
U-.. n·:;t t. !r..i fet
t! !:"IL ;"'~'!··:-:al. 

2S,8 t/h 
l5 111ln. 

It l .. "..S to?:..: «.-:7;".!'"~ti: :..·, ~ tt.:1t t!.~ :~.-.-NI! tn
<!!cr·: .-.:t. ::.-._.r;~t \.·.Jt.-!: C"J\.·r l\.!'"1£ t..;• r.-.~ ic...ial pe
r~c:W'!s, ~:-~Ju~I:'"~ _;)~) nc~ '-1 -.-,j :.1r,. ;.,;..1 C: .. ::.-tl

~..,, of "" 1'. ~.:.,;~rial ~'""'~· AJ:.o ir~l\!~:d are 
test ?,_.;.ts a."'ld c:,~;"!t.""1!: ... ~Id\ :,ze rt'<:"•l"'"lY 
r- :-r(:'"':""c~ for !he :.:Jae t:oC !i.rt!.r:r 1:~;;~·-.. 11..r.ts 
or ~.r f :t"'f"'!°S• :·1 •:·ct:-.J Jy tL! t.'\ t!Y: cl:- c.r ~::!JC'
Vir.g ;."'\ c;•::.-::f ~r·.:: ~·.:-1c •~!.h 100,; cc;<! r~~=~· 

;;;;:: PLJ.:;T C"c:·:-:::!!:G C:'_<.F.C'OJ.l :01.AST 
;-~,~:;ACE ;.:.c F.OF 

n~ :;".:;j r!~.:.: !nr·~\dh•i,•"'lts. =··~:" ..... r r~1ts 

:--t ;,~~. f.r;.:-:t 1. t:s ~ r~.r t.:".c , .. -.Jy c;.(' ("u ~ :ni:-' 
th·! i:.· .... ·.l r ~·=· ··s, a ,.~~~it h.o ..... h·h """1 IJ : ."'tQI\ 

t-.r 1<:-.t. t- ~ ·.~ o! HI"'. : f.;..rt ·\:;> in '• ril l~·S& 

ur ~,· rr'"'W 6C l f"t»F or /.I li:.kTI ln ~-::;, i'.··do. 
f:.::911 .. All U..-: fC"1Jr·...-1r.&. C'.• ; .. f<,:-r. r, l~trs 
to tl'IC i'A.!!~ rt..at •hic-h. by ~!Y.- .. ;-r..y. 1:. ·-.-11 
i:..:.-.':'\foc,-;,:r < .... "! ?-. ..:1!ndTh11: .. "l t:~!;rq~ :i.....S 
r·l.·:\t c;• ::,tr,~~.\,·· .. ?' ... -.-··t· ~~ ..... ~~i:1r.g :!;1· ;:~.nt 

i/c.r f\:"r:":ir~~.g, u ...... :c:.F ~.·r. :i,<~ "''~··•!fl?., ~ro-

"' ".!:, at u·.! c;··n t .. \l":h :'\;~~.-1:1·5, (.o.-rr UlC' J:.:...'t 
r~r. :-.:.d ~ ?-.:t1( J•·.trs. 

l\.:Jr·.-. .nl r .... t.u1::; oC Uir. PJ • .nt: 

'tlar. foJh,!r.a: :in· U•· r•·ln..-. .at !•,;.ti::··~ ol 

u..- r'"'-"''-' 

f;1..el n::-:;..-~··s: :!.:.----.:r: 3 
trn:r -.-o?•::.-: 110. J92 ;.nd J2!>.." • 
P&T~tlc."\ c~~·~lty: 7f.O t , .. r ~ 

270.000 lp)' 

!!. ~!\!'l~R) t::;;•trw 
... !ltlt. 
T~~to-tap 

r~ :-!ICr: t 
T:.;.;-!:-~ r:.;.:-..:tty: 28 t. 
rr..,.....r:tt<.n c;·c.::tty: fl6 t vr~ 

ac>.COO ~PY 

!::!A.;r: 3 (2 c;~·r.-t.!!r~. l s:.:s.-.d-
by) 

'!';.;; !r-' "'""!£!ll: 28 t. 
F.-..h;:tle> r:"°:.=lty: ~~t 1•:rc!;i,y 

:-;r..cv:o t~ 

F· · .-.ri<: tn !'..q l ~37 °'"' of L...., Ci! f\w..,,~,.:: "'""' 
,~:::.-.. _-,tJ~d. In its iJ;;.:c ':!,.; wr r•~ .. 2 
i~ b ir.,. tr,-c:td.. ! :!',. .~ :!r:d to &~t en 
::~tt·c."':l in f1·!::~::..:y 1~38 .. 

r~:.::=l:rrr r;r .. J: :::, .. _-..~:::: 2 
f.~ .. ~tus .c • 
ru ?1.·t : i;-c x 1;-J:. 

~-· ·'".!r .. ?;r. '= ~~::_-.~5: 2 ~i'1!'~'"~ rc-:-2 :;rd) 
?:.'!ite !t • 
r~ 11.-• : l:>o 11 1:-:- ,.,._ 

Tt i:: ,··1ld :.· t' ~~:"..'~,.,.at ;~ .. '\l ;:~ 11 • .-.:. t•"\S 
i:.., rt.·;.& U:.r." !"cllc.· .. ~r-L • · .. ·,.h;aon: 

rr!cr lo l~·S:>: .: t·?.:..c;.l f1:n1o ;:r"S 

:\ c..:.1:'°:;:l•1·r·:-.·.dtt.t . .'"~.f':-.~n'!i.'"'d 

l lc-ing 
1 ,.,_!"~~ 11. ... :q~ <"· .... tr.& r. •. ·?-.ine 
r.; _,. ay: ;. .•).<{'() t 1··r Y' ar 

F1'..'-\ }r..\"! i.-.?r-..:_:1 1~•87: 3 hl::......,,t t\1n "'..!'"P.S 
2 CH :"u:-:-c,.s 
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Fn::a 1989 '4> to 1992 

2CC.,r!!n$ (2 > 2 ;.~_.dr) 

<°-Cl('-""'!ty: «X>.o:x> lpJ' 

3 bl:ut n.macea 
2 IIlF (28 • 50 t) 
2cc .. aJns (2 :11 3 ~ 
Oorac! ty: ta' "'."() lpJ' 

n.., Sn:;tallat!on of'21~e fu~Ul!t .ts f'ore-

Sl!dl. 

~ fol l-Src "= thr yrarly tl\aru cu:riost
Uon of' Uie 11rlt mop, in 1967: 

~~ 
fbt lll<'tal 241 6S 
F.etum scnp 2fi 7 
Purc!-.;>-'Sl:d pig Sron/Sron scnp lCD 28 
Tot.al ~rtal lie char&e 310 100 
To:al p:-<.drUon (st~J in l<dle) 330 

/.Vt:f"2/i,C 11_,t.a.J J !c y!rld l!9 " 
'?tie low total r·n""rt!cn Is~ t.ci;."lrl<ct ....,a:;ons. 
Fra11 ?!?~ on the char£e wUl prY.-:nt t."ie followi.,. r-"ttcm: 

~ 
fbt nr.tal 50 
Rrtum scrap 7 
Purc?-..._<.rd pig Iron/her. a"ld ,;tttl scnip 43 

Total ""':.all 1c ch,.,...e 100 

~ to FAINS loc:aUon, 1nan Iron p~IJC 
n-ziCl'I and far Z:•7JY fruD st<"1 !cr-..p ~cr.s, 
all f-1.'T~-~d ::-ct,.llles are elU~,r Iron ~r~ or 
rig Iron f'U!I rrarby blast !un'=es • 

'n>IS will bccpH.e diffrnnt in U.e c»..se of 
t..'ir. "l"''":!y u:.t!o;rd AI.tr!:Rl'J plant, -..ith its 
60 l rof", -..~~re Uie ch::.v .. 111 ~ ca·t"-'~d of: 

Hot n<!lAl 
r.ctwn ~crap 
F\J:ct .. ....,d o.t<-el r.crap 
To:.:oJ n••l.,IJ lc ch;;rge 
Tot:kl pro-:!> rt IOI\ (steel In J~dle) 

~,~! ~ 
270 60 
38 8 

32 
100 

It mould tic r.-c:allt-d (3) u.at o;o s ~Jd 
st-.1 !.er.>(> ts thr 11..St al -.hlch cart>m 11\JK
Ucn has tosUrt In ~r to ==..:o"'h.:..-nt thr l>rat 
b.:llanee. 

4-·raUcnal Pnx:Uce: 

l!Jast f\un.~ are °'"'rat~ .-.!,.-Ing at Ue 
!oll-Srw analysts: 

c : 4,20 
Sl : 0,60 
.., : 0,30 
p 0,14 11'.alt. 

s : 0,02 amt. 

nicne are oecasimal flu:tu3t!cns 1n ss. 
d.:7on to 0,30 a:id up to 1,2 "· ,.Mch ~ ha.-rllrd 
by controlltng the ltz:r :;,...'"-'.lltlon in U'- EOf. P 
and S suf'f'c:r abnst no fluctudtfons • 

!!last t\Jrr~s~t~ al periods or~ 
.a:-.d ahalr hours, lntoJad)t's ,-...:;.·;iori.,c! by lrv:ks, 
.._.,lch CorT.A.'J' Ulr.hot lr'.t.aJ to t}ie IX!)t ::.'>clp, ;-!Jcut 

1.000 111 ~ - <re Fig. ~- Bl2.St f\UT.:-c::e r:r.2, 
,.'ilh Its 40 t t..,--.;>I~ ...,id>t, n<~ t-..o ladles, 
~.:>eh on Cl"'- trudc. 

H.>l oetal bnot "'"10:-••dbut lcVf'l In U>e Ja
dlr glvrs "" indication .. 1wn • -0,S t limit. 

As oftr.n as posslblr the hot rr.taJ 1 s di rec
tly ch;,,1:rd into u ... mr or at, afl"'r t•·;..,~:ure 
d~tcr-::-Jroal Im, r.iner bn~.s~lng the r.flt~r '"'·.ea 
a!.aJt 80 ~ in hot rrtal tu:;.,r;.tu.-... rr .. dse 

'""ld>t Is &l"<'nty .. .._.i~lr~C'clls in c:.,;Je cro:s5-
b<'""" ;o.'ld !ndlcat.rd at the cr.nr.e dl< 0l"J'. Jn case 
or rXCl'S!: or lr.,;if"flclncy or '". ·"tal In la6-
dlr, the d>.•:r Is u=--d rorccnYc, n. lfr.urdt
lng !\:rr"""' Is n·;,:ly to 1.~ u,.. c.'vcr&e It ~ 
lo t!"' l"'lxrr. J..s cvl<!.-nt, "r.c coo:,l!i:Atlon Is 
t'- -;:.:t-1t:d in c..okr to rdr.1.::':!7.1!' r.Jxr.r <·t"':l'ctt tm. 

'!he t:CF on I ls tum Is l:o;;.·d c-,,,,y 6S r.-lru
t,.s, ?.S AA av''ra,g.f!', ;siid the J,o .. Jle! 1~ C"c:-wcy•·d t.o 
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a r!r-"1r..-; :;t3llon (Ar or ... ) and U.cn to u,,, cas
llni; r:-:.::hlrr • .F.f'\o:r C'lr""1.. and cl~lng or the 
t.._-tao)e U,., hearth and slag l lne art C.-ttlrd. 
"'Mch all<>&-'thcr takr:.::'nrld 10 .. tn.itrs. ~pre
t>o·3tcd :;cr:ip Is U-=n ~ ;,rid scr..p f"or the 
n<·Jll hrat Is ch....,..-d (C Olfnrtrs). Thi! ~ Is 
n-:iw ,..ady to r>-c:<:hchot....,tal ;;rd :::;t;.rt t.Ju..1,.. • 

t~lJ' at r1..u;s U"'tt Is a 8 to 12 11\ln drl;l!Y. 
~ to J~ of" ovrmr:'ld c~ :11:3'la!>IUt;J. Dt>
rinc this Uk \lU Is br.I,.. f"tred tnto u.. FIE. 
Mtrr 38 to C2 IT'Jr&Jtc:s bJ01o1ng Um: the heal Is 
ta;:iprd. ,...,I ch t;,;...,s '"''°a.er 3 a:lnutrs. totaH trw 
the aver;,e.c 6!> r::l.rutL-s tap-to-t"O> time • 

r .rc.1ur:U en Cost 

T.a!>ks 4 ;nt !>!!how aver-~ U>ltCC<\$.."T;>tlon 

!1£".J"'S c.."ld pnxlu::Ucn cost fur hot cctaJ and 
.:tcel In Jodie. occo:'dt,.. to P"'Slnl !~trial 
.,...,,.,.u.,.., at P;..ms. ~ po1nts ~ld ~ rr.:r~ 

k".'d: 
• nic ,...,!t:>t of" c~,.;.."'t'r.al upon pis; ll'U'I cost. 

n.. lr..-ortance of" &..S :;.-d charcoal !111e cre
dl ts on pig iron cost. 
n... )a-' c-.-erall cost of st..,.) p~.r.r-d ""c~ 
~ing to this route • 

r-.-.ke: 

I • !n U... U;,<;t !\;~,;..ee ;on,a: 

- Cc.al f"i...-s lnj•·ctlon t.. .. ~~ the h..yetts 
- full ~ of top &2S, up to the av:!Jl>'.ble 

l ."-"YJ r<r.• tt . 
- P.,htr·idifylr.g of th" bl?.st. 
- Ir.er<,_..,., of M,:,st tr:;.•.:.:lt'Ul'C (f"n;..- >-"'<.Cnl 

fW CC to !'t:,O CC). . 

- Tc;wcr.;t· .. ·nts In bl:!St fuzn:ic~ ~·:sli;n, ~;ie

ci;illy '"t;'•r<!ir.g the top. 

i"Ati:S is "'-rr:ing on all tlll"!'".C ;~ ;•~cts, li.!\ich 
will (!rcJly !<ad to a f\irU,,,rrcr.t :..~..:ctlcn 
of ~?:>col l':"S 10,00 for u., pig ircn. 

! I. rn the r.oF: 

- Slag f1-c:r. t;i;-.·lr.g !.}'SI~. 
- !.!rm lnj• :t loo ~·st..,. • 

~·1t~h ir-;.rov• :-;, nts. on "'!,lch PAU:S ts "'·..:>rid"I• 
tovU\cr ... 1th 11 ladliP rrd.allur&Y unit "'~!c."I 

will ~oon bl!' fn,;l:\ll,.d, ... 111 fUrtl"'r 1"t'"'°""' 

r.n:CJc:Uvlty ;rd cost. ,.Mch rr•\Y tor ,...._?-~ 

by avo..it USS 3. 00 to !>. oo • 

:::..- tnfun ...... ucn In oro·r to c<r;>lt~ tie 
r-kturr.: ylrld In C«>tlflJCIUS ca:>tlf1& Is :.ll~tlJ' 
ovrr 98 " .and rost of" lr.,,..::fo:'ll'.;ollm. hcltrll,.. 
<M:rt"'ad a:1d .,.., ..... c1,.uc.n. ,,~n..nts tc USS n.«> 
rcr t. of" bl Jlrt, brlnt;lng f"lnal .:ost of" tood 
billets to USS 16,llO/t. 

lrN>:st. T.nt: 

".a;"-r.s (2) and ~3) s;lve •n.r !r.!'or::-""tlcn 
a?.>out trr.n:stm<-nt d--:r~;d by e>:?.."Coal bl •:st flnlas 
a<ld EOF's. r..>.~ly at<".Jl~ f.0,00 l"'r tonof" yraz-
ly c:._""'C'lty f"o:- the forur.r ,.,.,.s US! 40,00 to<J),00 
for the Jatvr, ucJer br..::lli"1 conditions • 

/.d'.I!,.. the n""' ~~;,,ry lnt'r;.stnx:tW"'. ~'""II as 
J:-ilr f\un;,ce ;;.:lccr.ttr-.,n..:s casur.,. ;-·..:hlrr. and 

O!!'.>:..:Clna; 6!> " o-n hot ,...,a). an !. ;v.,$ln•:nt or 
;oo.1t ~.S lJG.00 to !~.ro ,_,,. tone::'..: _..,.,al blll"t 

c.a;;•.cl ty acco:Jnts for a ccr:;:ilr.t.e p1"1'lt, In the 
r-:.;,." b:tlou-n 100.cm ...-.df-0'.>.<.:Yl tpy or M u .. ts • 

!'?'OJJ d t..'>erc le no c.>:yc;rn av"1 l G?>le U\ the 
i;.:.ri<,.t, .an oxyt,::n pJ.;,;-,t has to be !nclu:i.-d • ..:':!d> 
ttori:: .,,..ollif'r USS :.0,00 to '.0,00 µ-r ;,: • ..,.~ ten 
of" billet. 

~~·ntlcn ho'5 tcV. r.-.-!;. ~Jo.a lo the !rr•CS':::•'1\l 
<!=6.:!cd by rt:fv: .. ~t:.t!cn (2), •!rich ln '5~11 
;~-....rots to l!S~ 130,00 r"'r tC:'\Of t.ot r.••tal, to ~ 
ratd out In 8 !iU':Cf<SIW' O!:":'lt:al r.r.:e .. ls of" 
tr-S 16,2!> ,.,.:h, st,.,.Ung fru-: t.~ yrar of lr.staJ

latlon of" the r·lo.nt. Al the r;,,tc of &"> 1- c..rn hot 
••:tal this .. '(lU)d add a t\JrU.r.r U"..$ Eb,C.O to the 
•;~cif"lc invt·:;:;:.-nt 0<:r too of" billrt, brir-£1,. 
the r.r . .;;d tc.tal t.c "~""'t u:;s 2«>,00 r..:r .n."'.l'UOll 
ten or bilJr-t,. an .. ; .. -rst.~cnt. oo~ver. \o~ich in

clu.!··s u.., o:<:>·r.= pl;.-it "°"'· In a fiv.rath't' ":/Iii• 
u., C'•':"I cc;;! r.'Jl'll! • 

In I.he f"cr'L.:-lng the l•;:.lc c,r~·l~.;;~!cn of" 
c!':.'\:<'<·~1 bli\.•l fun~rs ••"1 fl':F h;::; bn:n "-"''ly""1, 
l~'clng t.'lc re.al c:~· of u.~ r-;q;;'.';pJ;c.,t ... i.c1c the 

.:!'.>_,,, Is cn»·--'~"d of 62 ,; hot "··t"l. Thh"1 Jl 
dr"rlo;> lnt.o a r'i~rgr. r .-.: :cm of .,,Jy ~ 1 hot 

utal 'bt::· •• r.n 1!'~5 a."ld 1~92. 
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"'th u... !"tart-\4) S<.:hr:d.d•·d ror /prll 19811, ... .,,,re 
tt.r. ~ ts .-.;de \.;»of C.0" hot R••t.aJ :.<id~" 
s~I SC~ • 

Pl,,,..ts .. 1thaJOO Jhc.t1r .. tal, lristtl!s ~"'~ 
no !SOl1d ~ t:: ;;v:i!J.a?>le - as In w·st.,m ;ind 

mrUlcm l!r..zll - a.... or c~ a '"'"t -:o:uuan, 
tn :;pile or the CC<"°'l~r~Jc: "=tc: or""''~ lne
vlt~Jy :i:;:-q-1:.t.-d (fht-rP !S :! ".Jfll)~ ofdr.rJcaJ 
tv-o.t 1n Cic EDF :ind all the ~·~-iblc Jrat In the 
off·ta9'S !s Jost). 

1 • !;-.all ~ P.J..,.t F\::r-~ I EDF 

In c<>.=•~rles .. ~.!ch?-.,:,"" nc:,,all.-.!>111-
ty or clo:.:-coal r.or •.era;>, but .. !lie. ... have 
Ira> o"' ;;,:.·Vor r:itr.· ral coal at t....,lr dls
~.al - o:.-:;>Jc: Jn11a -, i:-Jnls"°'l pl:.nts 
'">!J ~ cc.ocdv..-d ~.t:"d ana 00'.all cdte blast 
tw=~c :..-.cl an EOF. r.·.;.cr (2) =•::>tlu.s the 
::-.,:,.Ir • .:1rr .. ,. r.c.,s t...-t-.•ocn the rt.:.r~I <l<lCS 

the c&.c tl•-"t f\•mocc:, .. ~lc.., t-.-.w to be 
i:~rly tiU<• n Into :,::c.--.... -.t :c:.d ,.•,1m ro·nder 
the s-.aJ 1 C0~.1!' nuT'~.:e ~'r•. ~-..at i:-.;;..rc f"Xi'C"fl

!"IW Uian the C!'l:\rccal b?;,,;t f\:m;ice, but 
,.11u .. 1thln the ~ ra:-,.e or 1m .. ~tr.'!ftt • 
1'.c cu:-!: I r'4t I on .. 1 ll 1"' to a o:.r~·at ~al st
r.11..r to ~.., rhar'<'.oal bl:>st n.ino::e ca.-.e, 

t. d<ll>s tJvo '"'"sllon of "''lf\ir In t..,.. hot 
:"r:::1J. ln:rv~icr~:..1U\Ui.: t"l"kr .. Tht• r,·•-d of 
..,.. l~dr:~:lf\1rl7.lqp;!;,llon"1JJ i.,.~,rlried 
by U-..,5 cc:.!r:otor U-; c-:'!<r, u--: nn.-.J ~~t 
•:Wl~~i;"d ;.rod the .:-.·~l):>!>!Jlty of a )ad)e 
fwt~ .... -e. 

U • PJ;>.,;t f"u."T."L"'! ;,"'Id C: o; !" ·· '-d 01:,.ct R•·~
llm I tnr 

ln !...'le c.".!.CofG·.-;1!l:·'-,J~tynrt.,,,t..~ na
""al £·""' ::id ch:•rcC'o'>l (c.r r::ol<"), a cert>!
'-'' Im .. r a DR pJ,,...t (~:TL; -.X) "'1d bl:.:st 
rum . ...-c(:i) rr:iy prove \Ir.I;" ·-~<·:vr.lcal: by 
ov,·rdl::• n~IC':·.~;.6 Ue rr(( :-:·ir:r ;\ !'"..utJ')UB a
r,,.nt or rr<".JClnit i: :: '·'13 t.c dlrrrlr.d to 
!M hJ;"'t f\!m:>r • ;M lnj.-..kd Into Uie 
r,t.rk, ,,,,," r..·1!·•~.fl& ~;,·clflc ("o.'ll Ce'•'."'.\.JT1>" 

lion to a!u1t 6!> "· ... ~.rrri!S ""' hl • .st nir
,,, ... ., top r...s r..ay be """d i>.S f\r.l In the 
rrfor.,..,r, with coro ''"""'11'\i ::.wlr.gg or na.
lural £""· The t.OF wl I I U"\r.1, be f•·.J by 30" 
.,,,t r..t;1J .l."id70" liBt (hotbr!'krtlrd lrt:n). 
~uch a CC1fl!>fr·.t~ 1on, ~~1lch la J ll'.rly lo tum 

out c:xtn ""'lY •-concr..lcal, asks for a s:ale 
of at lr;ist Of> "'llllon tens r"'r yrar. 

Ht. Other Hot Mt·tal rndJclrg P.r.cb:Uon Pro
crs...s /EDF 

:;.,,.,..ra1 t.ot coot.al pm.!'~!~ .. ~uon 
proc"'"""S h:.vc t.-..-n i:-o:ntlcno-d over th: last 
y..-ars and :..--.ycP! c-.aiy wr lJ be ccr.bfr.-,d wt th 
an EDF. n... brst J<r.o-n of such pnx<-!:!;eS 

ts ccrt:;lnJy llv: co.=.::x (iill) procc,;:s, with ore 
pl'•'"lt bdr.g stark~ at J~ by the c:nd 
of 1~87 and :e.othercr..,t..:lng u.-ctrd 1n Uie 
lhlt~ S~tes. This 1~ a F'OC"::S ,.. .... It.rd for 
C"CJ<:itr1rs .. ~!ch t-.... ..., :r,alla!>ll I ty or r..n-c:>-
1<1~.g coals ••-id ..,.., lc&ir.g rorplants 1n the 
r..:-q of :;.:;o to 60:>.IXX> tpy or b!Hrts. At
t•:n•.ton t.:>.s to be t!v..-n to thr z:"ll~!Ut)' 
or ,,xyt;.-n, a~lc ..... r.alcrlal rortt ... CCEiEX 
pn:cess • 

The £.OF VI JI be r1 <:by U .e t.ot r.r.tal to
&~ '!J"'-r 'l<lth r!U,,,r <..::...., or hot bric;-...-:ltr.d 
tn.n, pro<'..;c"d "~th •he big r.:Jt>lus or «'"1:X 
top £"5, .. ~tch ts s>JI ud for at. 

1v • O.:;iola I mF 

For -.:~r; .. -.~JI i:?>."llS :n U.c r~.j.1! rraa 
!,()to l~.CJfO tpy of 'M!JrlS, in C"'.nlril!S 
.. 1th £•.><>d <<:r;,p """11"-"lllty;.."ldMd\ priced 
rl•ctrlc '"•a. the lr.,;~;,J]atlon or a hOl 
tl;tt a.;:ola lot.' ~ier •~th :i.:iEOF Is Cf'r!:\f.n
ly a<:'""' ;.-.:lrcr-.·,-k;,J <JOlt:tion. BJt Ulr.n? 
!s coc itt;>Jic1t ri:J<: ;...:: !'.oo:')CJ.$ t."" m~:r_,..s
'"''S the IC.0 % cold c'°'"'i." ,.,..,,.,,t 11'\i •ode 
- ;'1ld U.e u1lutlon •~···':.; tobr r"lrly .-lose
U'- lnvr~::;.rnt In U"' J.,t bl:>.:;t c1:;iola will 
t-.. -.v~ t.,-,.n ,..~led • 

OUTl.OOlt 

°nlC 'Vt!t}' t".JCC,.c::t'\JIJ o;rr;i! Ion of l)ic rl.al'
coaJ bJ;..o;t f\J:r.;;r.r/t.OF ccroln;itlm at Uv: f'"-INS 
pl;.nt ;.Jf"';.1y lrd to a<• cud r.v-;•.rty, >L'l'rl<TI, 
To .,..cllle for ;,n ffJf. !",o:v•:ral •'U.rr r.t,e] rl .• '"llS 
In l\r.<7.ll ..,.., ~.l r.~ J,,..,l<lng at t.he ;..,!v;,;1l.--r.~• ot 
ln~•,.))111& UJI' pmc;r..a. 

A t:r«;> or lr.1-·rw-r.:l .. nt cl .. H'CC."\l MAAt 1ur
rl;M'!r. cs:• rnfors, ~·1th flirt•:K'~S lcl(",1frd ln a ra
r!lus or 2 kllu'" v:rn ;~·-.rt rr•.r.: r.ich ntt.rr, Is 
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r·"·''-ntly cor.~l~:rlng Uy, :r.st:lllatlcn or:.&'\ Hlf' 
a..J l :;?.op 1n the r:~ or ~'Xi.OCO l/)••:.r, In or
do:r to '"'II blllrts lr.strad or pig Inn. 

.1'.lso ""-'Wral local or n·i;kn-.J rr.lcn.Gh:el 
~I :.:.tz, In U.., r"'1£•' of 100.U::O lo 2C'O.OCIO tJl)', -
t.<-1~ a."1.-.Jy.-P.d.- b3! .. -d en o::!'.-.:cO:\I bln.«t flirr.:.ees 
...-.S f:OF ar. It. t.hops • 

llul u~ EOF r..·,k,.5 a &cod ccr!,!r;;,tlon "'1th 
i0::•) t.ot nirtal J>n>! r:lna (·~· .. oc•"~s. 3.S ~-... n frt:a 
Uc alt• :tkstlvc cn~··pt!: prT·:1 r.t1 d :! .. y.rc. n...._y-Jcs 

to 1ls rJrxibll I ly In "'£''"' tc llqJld .;,rod :.olld 
cl.argc """n a ct:r!:!r't~lcn or blast f\un.~ and 
a £'1!: t'•!'<'d DR 1:-itt, .. ith Ur lr>!ut-•·d rrutual ad
v; .. .,t.::.r,"s. ts t:rtrob 1.~~Jrr.d • 

~.-,;-.;..s lo this .. idr ~·--ctr= or lntn.,st.s 
:.-.:! 1<-c,·!t>lJlt1.,.s, :!;e FOF' """Y be !to_'hotl at as 
tht! 1'7'.i~t \.°\.!"': -·t!h: a..-.d attr·.::""th."t" n.rintng rro
crss lo le c(r!j!u•d li."!t.'l L..)th ci;~~.slcal a"ld non 
C"-:7 .. ·r :-1tt~'"".."\] n.:!-..:":'tio."l pn.w:=t:::Sc.."S • 

1. ~-.i....r. R.; ffeifcr. H .. C.i r;.:.-~. D. - .. C;ier:i
tirn or !?!;::-.t Ft:.~:-rs co o-~.-,~ .... Vd.l" • 

In~' n~tiocial ~;,-;--:isit.., c., P!c:st fhn'k:C~ !nn

"~~:lng • 
J~-!"!v·,!;rz, India, t~ .. ·\.~!c·r 198S • 

2. Pfrlf,,r, H.C. - "i'ne !"h"rcNll l!l•,,;t f\;:.,-,;ice 
ln r~:,zil" 
tr.:. u.-.11<'f)..'ll Cc~~· "'r.ce or Jru'\ :.'"ld St,.11 
Tt ·t:•""1''iY in r"·"•t.]C;·!::g Cc-· . .:-.~ri~s .. r:ovr""'.'""~r 

10.f,5. ~;:;., r:;:ilo, Br.ull • 

3. "-"•bt-·r, R.; ;r,.!:-.. r, H.C. - ''':"'rae Wf" ra .. -:·~cs: 
ft·~(\=~·.:-.:'!'· U:1'! 0.;~ )onk". 
Tr.~·.,.,,, l<-"'11 r,.,,~cru.ce of !l"C'<'I ;,ld Slrll 
T·.:~.:.o1o."Y in r.··:rlc;tngrc:.tiu·ii; .. j;_/.r.~~r 

19R6. :'~o p, .. ,Jo, r:-.. 7U • 

4. 0!!· .. ·1.ira, f..K.; Vieira, U .. - "F' rro r~::-:-.: >'..a
t~ria rrtr;."} c'.r. (\:~111~--~.:- ' trd a (\f:;".'~"'t~ da 
C:.: ;;a r• t.;llr.a •·:n Fc:i"'s Fl~·lrlros a /Jco" • 
("Pig Trnn: lll11' <;':3llty Rc.w r .• :. ri1tl for UW! 
r.:..~~lllc ,.....,,.,'£,, of £1r.·ctrlc /..re f'wr.n:s") • 
A!l.'l - V J.;,,.,,,.J l'··dlr11t CJ( Uie /..1,.. f'.;n""'e 
Cc,.f'1i ttrr.. rr.: l.~"'r 1984 • 

5 .. r.T'S Kurf T•-cr.r>Jcc:la ~!di r~~C':a L!:'.a. .. - ""'Cr
c;.Jo cl.: f"rrro C-:.a a C:uvao ,., i: ::.}" (~~ 

Y.:.ri<"l f<Jr 0 .'1coal Pl g Iron"). 
P .. ~.-r r·, ! .. ·nt•-d to a.t~lll>at • ..'ul)· :g,as • 
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I 
I 

Year I 
I 
I 

19X. I 
J!lllO 

I 
I 

l!llM I 
1986 

I 
I 

TABLE 1 - BRAZILI/Jll IROfi PRODUCTJOll 

I I Charcoal BF 
I 

Total I Cdao BFI-- I Ch-vcoal tran 

I I Total I Int.,grall!d I I.ndt.-prrdenl I -'i'iitil~ 

I I I Plants I Pn:dJcera I " I I I I I 
a:no I ... 141 I 4.029 I 1.89S I 2.134 I 49,3 

I 7.74C I I I I 
12.685 I I 

4.9"1 , 2.494 I 
2.4'0 I 

39,0 

11.230 I 10.:.>30 I 6.-Cllli I 3.002 I 3.4' I 37,6 

I 12.618 I I I I 
3.229 I 

4.421 I 
'Sl,7 

20.268 I I 7.650. 

~= IBS - Statistical Yooart.oak 1987 

'i#.l!l.E 2 

Year : 

I 
1976 I 

1580: 

1994 I 

~~~6: 

- CHARCOAL IRON SALES 

1.000 : 
"loom .. !' ti Cl 

Total I ~arket 1 cx~ort 
I I 

1 .319 I !>4.. I 775 
I I 

1. 190 I 949 I .841 

3.42!> I 952 I 2.473 
I I 

3.726 I 1.356 I 2.370 

--------,-er-le~ s·:.-eil---.. -- ------ -,----
r:;me I Ca,.-,,,ei ty I !:>,--;;,city l~"Cll Shop I Final Frcduets I l'•-::.ari<s 
___ wooo t.~>! c1coo1WU ___ .J ________ _:___t ___ _ 

ACTSITA I 600 750 1LD/JOO/EA.F:r..--1aJ !.le.els 1rv:Ju~1.-. : 
I 

1
sta!nl"ss ;.nd silicon ,:.,.,t1 

Al.lf'ral'I I 200 al/~ IF··har. C;.rtion stcr.Js I (1) 
I 3 :.>o ISprlr.g steels - S.,CI Ions I 

l!J.J.AA l'>JISA I 170 230 ID/fN l1icbar. Wire Rod. S.·ctlons I 

1-':tLO ~;Ui::!RA: 860 9CI) LD :Win: Rod. Dr""" Wl....a. : 

CIMl:.""fAL I 200 2f"'O U> IR.~. L!i;tlt ~c:tlcn I 
l.C.tI.llSA I so 40 CH 

1
iu-bar I I I I 

~·A1<"7!"!·:.vft I 700 850 ID/F.N IS.-.>.·d<'ss r1P"s· 5'"'c:lal ~11eJI 

~1~ - • _J __ -~- -~ - ut/t~- :Rr~"::_ ~a.:txin Stcch;W.Rod : (2) 

Jlr:mri<: (1) 60 t. EOF tr..Xr cnrn<tnietlon. Start-u;> ,,_.rll 1988 • 
(2) ~~co:vj :.>8 t IXlF s.ct.-<IUled to r.tart-up f'rhn....ry 1988 • 
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i~lc 4 - lbl Ko·lal I Pl.: Inin Cost 
Prul..otlon of :x>.cm t~. In 3 fw•~ 

I I 1::._.-c1n-.;1!:p,c1nc --, 
I I u.ai t tn "~:Jui c-t I 
I______ I lh UVl I USS/t " I 
I ,--~~ I 
IPJJO K'<liJIW.S I 71,32 116,21 
I I ----, 
I t:h:u=-1 I fll 3,54 I 

I.ChT: i;;.turaJ I t 1,u I 
I PrJJcts I t o,56 I 
I Ll,..·stone I t 0,09 I 
I ,,.,,...c;..,. .. 2 0rc I t 0,02 I 
I Sil la. I t 0,05 I 
i-------- I I 
l1Ma1 2.96 I 3,61 
I -1-1 
I Dln...:t th :>,oo I I 
I Jr.dio-ct Ml o,a. I I 
I -------1 

&nrlcrs: 
~'.aint<:-.d.--.CC USS 
!'ua.ort USS 
Jnt.Tr.1:"-~;oi-t 1 USS 
c;>:..-.Hty C"cntr. 1 USS 

Elrctr.E.-.r.,.;y I •~ 0,08 
rn:.v.r.cv •. -,,,!ngl US$ 

Others I USS 
cr.-dlt tc:~ £>~_J1coo Na! I 0,7S 
Ct'·dlt Ch;.!c.,, I 

fines I fll I o,35 1-------,---,-----, --,-, 
1~,~:-'l\:'i"AL I I I I I 
:r,..-.!.ic:k,-,Ccst I I I 7f',<>S I !12,21 
• ---- -- --l--·-!-----+-=---+-==1 
Ir·--~.. I I I ~ s I 7 e I , .. -.. -. .,,... I I I ':..•_•_ I ·'-I 
lfl;.i:•t 0-,,cr!".rad I l""..S I I I I 
!:'o.;,r-ccl:?tla\ I US$ I I I I 
!::'.· nrlcr.:: - !r.·nri lJS$ I I I I 
I- - --- - -· -l-------J - --1-· - -+ -I 
::~AL I I I I I 

:!'~~-trlal-~~tl ____ : ____ 1-!:~:7~_ko:'~ 

T~Jc S - BF: Cost oC St•~J ln 1~41c 
PradJc:tlcn oC 17 .ooo tra 

f- l~-ctricl~·-c-lflcl I 
I I thl t ,,.. n r.ic!.1-ri eost I I 
I _____ I l.h _Unit lliS/t I " I 
I I 
IFJ.ll •:•.T::!!UlS 101 ,06 'Jf>,OI 

I li>t t-'..:lal t --. 1 o,104 I 
I St.eel ~np t 0,091 I 
I Iron Scrap t 0,14 I 

1 Pia Iron t 0,193 
1 I u.. t o,050 I 

I fcrrvr.:1~112 t O,Ol4 I 
I ferro <;IJ lc:cn t 0,004 I 

1 
our.rs t 0,012 

1 
I I 
IU.3Cll h.5! 1.21 
I - • 
1o!n-c:t 0, 7• I 

1:d1~ 0,05 I .- ---------- -·- -- -, 
Oi:-9 23,~ 17,81 

f\Jrl on 
Ox) gen 
N,/00, 
".r.fractory • 
fir(r.~tory •• 
r-::~rl?o:..-;:a• 

~ .... rvlces: 
Y.a!nl<r.-.-.ce 
~.,;;.port 

k& •.so 
w 78,00 
1af 13,50 

k& •.so 
k& .c,so 
USS 

US$ 
US$ 
USS 
US$ 

Jnt. Tr.-,.-.5f0rtl 
c;'.:al lty Conte I 
F.J~tr.'!"Ji,-re;y 1 ~~"" o,ms 
O~rs • U$S ------· ------------' I I I I I 

l::>-"'~rorAL I I I I I 
(rrcA.:t Im Cnst I I I 1'6.34 I 9S.ll 
I-------! - --·+----+~·-:.:-.:- t·:·--1 
'~--~~.. I I I 6 u I 4 91 
lu -··""'"' I I I -'--~ I -"9 
JPJ....-.t o-.~ rt •ild I uss I I I I 
Jr··;;,,·elatlon I 11ss I I I I 
1~·.rvlccs -Mir.I US$ I I I I 
!---------;-----; ---t---- -t---1 
trerAL I I I I I 
I .. . I I I I I I. k-."·::_·~~1 _:~~'---_I_ _ _ _J_~~· ~ J!~.~I 
• (r;ttlln& •• r-cllntrc 
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~~~ 
rt:ii::: l RAW NATCRIALS 

LllCESTONE--._t~ f......--' f f~ •.--
SILICA mm IRON ORIE 

~~!~YY'JYY. 

_NfJI SCREEMIN8 8 
W£18HIN8 

CHARGINI 

CH.l:.fcCOAI.. 
flll:ES IN.IE_ 

CHARCOAL 

FINES ~ 

~ 

l IAOll ORIE 

~ FINES 

~ 

. ---x_CTIO 
BLAST 
FURNACE -------

SLA8 -, 
GRANULATION ~ 

A PIS IRON CASTIN8 6!1ANULATED 
~ .. IUCK!NE SLA8 

'----':> 
b...d. 
-1~+ LADLE 

TO BLAST FURNACE 

Gt.S CLfANINI 

-----

GAS SUi\PLUI 
TO PLAHT OR 
CLIENT 

~~~ 
GRt.INED 'io ~ ~ 
PUI IRON SHIPPIN8 

GLENDON 
tiEAT EXCHMlGER 

Fig.I: Flow diagram of a Charcoal Blast Furnace Plant 

.. 



•• • • • • e©-·------
• • • • • 

.@~--. ~~~~~~~ 

• • • ©---------
•• • • • • • e~---+-r~+.9 
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• 0 • ©- ---- __ ---_J'-"~ 
• • 0-- -G::J -
• c:• ~--,,,·~ 

• ©-~-] • • • • • • • • 
Fig. 2 - EOF (Energy Optimizi_ng Furnace) 

Schematic 

• • • 

I- SCRAP CHARGIN8 COVE• 

2- COLD SCRAP 

S- SCRAP PREHEAT£• 

4 - PllEHEA TED SCRAP 

5- OXYGEN 111.IECTIOll 

5 - OXY FUEL llUftM:RS 

7 - 02 SUBMERGED TUYERES 

, 

8- COAi. AMD Ll:llE IN.JECTIO• 

9- WATER COOLED ELEMENTS 

10- FUR~·CE BOTTO• 
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1000 t. (\ . ~ 

1•••••-•••••••••n••.••••••••••••••••••••••••••••••• 400 ~ 

f%/74! EOF 

.146 

JJO 
31$ 

300-
286 

• 
/22T 7; 
I I ' i I I I 

~ 
I ' I I I I 

I I I I ! 
200~ ' I : I I 

I I 

I I I I I 1 @bJ1 I ~ ~I 
I . 

... I \ ; I I I 
I I I ; I I I 

/. -- 7. i I 

I 
100 - I·. 

I rs) 
.... 

o V////A/ 1·<<,<tv r,///IV V/.(/IV V////A( > 
l 9 8 3 l 9 8 4 l 9 8 ~ l. 9 B 6 l. 9 8 T Yto r 

Fio. 4 - PAINS": Annual Steal Production(lOOOt. of good billeta) 
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ANNEX 3 

SMELTING REDUCTION PROCESS FOR 
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I. l~THOl>liC 110~ 

The domin:int method to m3ke iron 3nd steel todly is the bbst furn:ice b:isic oxysl·n 
furn:ice route. In this route :a well prcp3rtd burden of :igglomc-r:ited iron ores is redu~l'd 
with high qu:tlity coke in 3 big bbst furn:ice to m:ike ''ell dcfinl'd hot mt'tll which :iftl'r 
dtsulphurising tre:itment is blo"-n to sreel in :i UOF con,·errer . 

In spite of ilS :age the bbst furn:ice procm h:is successfully wirhstood :ii: :m:id:s from 
:ihern:uive procesies m:iinly due to the considcr:able development which h:is t:tk(;n p:irt 
during the bst dec:tdes. To<by :a modern bbst furn:tcc is :in extremely efficient 
computer controlled unit. 

To ensure trouble free opcr:ition of :i modern bbst furn:icc the iron ore conccnlr:tlc i1:is 
to be :igglomer:llcd. Co:t! Clnnot be used :IS the m:iin fuel or the bbst furnace but h:ts to 
be converted inro high gr:de coke. Tr.e :igglomer:uion of the ore concenlrlte and thr
coking of the co:tl :ire costly processes. representing about 20 percent of the cost ·or the 
hot mct:il produced. Furthermore to be compcti1ive a produc1ion system b:ised on rhr
bbst furn:ice h:is 10 work on a r:ither l:irsc sc:ile. :ibovc I to LS Mt/ye:ir of crude iron . 

Since the 1950s consider:able efforts have been made in m3ny countries to produce iron 
on a sm:ill sc:ile :it low cost by :ivoiding :igglomer:lli<'n and coking. The \•er~
comp::titi,·e bbst furn:ice :ind the gencr:il decline in the produc1ion of steel in the 
industri:il world h:ive contributed 10 the fact thlt none Of the proposed methods hlS ye~ 
been rellised on :i commerci:il sc:ile . 

Despite e:irlier failure 10 achie,·e :in economic proc~ss se\·er:il processes are now under 
way and close to l commercill sr:ige . 

The l'Conomic inccnti,·cs to find methods orher rh:in rh:u of lhe bb-;t furn:tce c3n be 
summ:irisc<! :is follows: 

to 3,·oid :igglomer:irion of the iron ore concenar:ite; 
to repllce the cosily bl:isr furn:iC'.'~ !:!:'l.:e wirh chc:iper fuels; 
to cre:ue 3 process th:it c:in be economic in a rebti,·cly sm:ill sole; 
to h:ive less cnvironment:il problems :!nd costs . 

E:ulier in this century rhe sponge iron processes were developed as an :iltcrn:itive to the 
h1Js1 furn:ice route. However, in the sponge iron processes the relclion r:ite is slow :ind 
no seplrltion of metal and sbg t:ikcs pl:ice. Therefore grr:n interest was focused 10 

de,·elop 3 smelling reduction process where 3 subsr:inrial plrl of the reduction should t:ike 
pl:t_ce in the liquid sr:ite . 

lli~1oric;ill)' methods h:ive been proposed :ind tried in the 19::!0s by 0Jsset in a cement 
kiln for production of clinkers and iron for iron m:iking in rot:iting furn:tces and in the 
1930s by Stiirzelberg for iron prClduction :ind of pyrite 3Sh .. · 

A rrue smelting reduction process \\'lS the 1)QR ED process devt'lopcd in Sweden during 
the 1960s. where iron ore concentra1es were :idded on the top of :i coke bed flo:lling on 
molten iron :ind sbg b:i1h in 3 fast rol:iting convertl'r. The carbon· monoxide from the 
reduction \\3S complcrcly burnt to c:irbon dioxide with oxygen over rhe b:ith. Jn spire of 
low .consumption of coke the process failed due to rhe heavy lining art:lck from 
:iggrcssive ;ron oxides in the ver)' hot oxidising atmosphere. At the same time the flame 
smelting method for iron m:iking was tried 3t RISRA whicn also failed due lo ref r:ictory 
problems. Doth these processes have influenced the furrhcr devclopmenl of El.RED and 
INR ED procrsses . 

• 
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I> •. , C'lopnwn1 of lht" nt"~· !'.l'lll 

,furing 1hc 1970s lnd 19SOs . 
~·1.:nmc."rcill produc1ion . 

, of l'ro.:r-s!-C"S lhll "ill l-l" lk~.:r ih~d 1'dl"' !-t:11 h'~ 

·o far none of ihc."se pro.::t"!>!-CS hJs ~("I com!.' in10 

~ SO~IE BASIC PRl~Cll"l.ES 

In 1hc bllsl furnJce S\"Sll'm coke from the coking plJnt and sintl'r from the sintering pllnt 
:uc chlrged at the t~p of the furnJC(" in such a way thJt good permeabilit)' of ~~s 1s 
t·nsurcd. In thr bllst furnJcc shJft the rrduc1ion and melting of thr reduced irc-n is 
c:uried out more or kss simuh:rneous.ly. in different parts of a singk 1cac1or. Figun: • . 

In most of the smelling reduction proccs.,.es these reactions have hccn di,·idrd into two 
sl:i£eS in Sl'p.-:ra1e reactors. Figure I. In the first step iron ore oxide is prehC':llC'd and 
p1ered11ced and in the second step the finll reduction and smelting takes pbce. Jn this 
,,.3,. it is possible 10 mJin1:iin a balJnce bet,;.cen the quan1i1y of gas evoked in the final 
rt'd-uction. e.g. smelling reduction :it 1,400 to 1,500°C, and that required for the 
prereduction of the iron oxides. Furthermore it is possible in this way to optimise the 
u1ilisa1ion of the rl.'duction :igent. coal. 

Since the iron oxides only need to be reduced to about 50 percent. the r..-duction process 
is fost :ind the sticking phenomena normally encountered in rrduction 10 sponge iron can 
be avoided. Thus the prcrt'duction can b:! carried out in a fluidised bed. Jn this way 
fine gr:iined iron oxides c;m be u~ed directly :ind the sintering or pelletising operation can 
be avoided. The prereduction process c:m n:nurally also be carried out in the cl:!~sicaJ 
:rnd well proven shaft furr.:ice. Howe,·er. in this case Jump ore must be used or iron ore 
concentrate has to be sintered or pel1criscd before rt'duction . 

The final smelling reduction operation cJn be carried out in an electric arc furnace. a 
sh::ift furnace or a conYerter. Jn the following description, the different smelting 
reduction processes have been cbssifi<.>d in the fol!owing groups: 

Methods using electric energy for final smelting 
Methods usi!lg oxyg<.>n injection for final smelting 

3. ELECTRIC MF.I.TING OF l'REREDUCED IRON ORES 

The ELRED process 

The ELRED procl!ss was dc,etoped jointly by the Swedish compwies Stora Kopp:irberg 
:rnd ASEA. The \\'Ork started already in 1971. The b:tsic idea was to use the carbon 
mono:\ide gas formed during reduction for electric power generation. The process is 
divided into three main opc1 at ions. Figure 2. Jn the first step the iron ore concentrate is 
p1er<.>duced to 60 to 70 percent. Jn the second operation the final reduction t:ikes pllce 
in a DC arc furn::ice and in the third oper:ition electric power is gcner::ited from the off 
g:lses from the pre reduction and final reduction. The off gases c:in alternatively be 
utilised for he:iting purpose~ in the steel pbnt, thus avoiding in,·<.>stmcnt in a sm::ill power 
pbnt . 

The prcreduction rakes pl:ice in a circulating fluidised bed which operates under a 
pressure up to· 5 bars and at a tempcr:iture of 950 to I .000°C. Air and coal powder are 
blown in to gener:lte the heat and reducing gas necessary for the ore reduction. The 
high velocity of the gas together with excess of coke p:irticles in the bed con!rihute to a 
uniform temperature and to avoid the sticking of the r<.>ducC'd p::irticlcs. Tl1e prcrrduccd 
ore is disch:ne<'cf from the bottom of the rc:ictor to the electric arc furnace . 

llSl/E/7014/2 
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The DC arc furnace. Figure 2. has 1he central electrode connected to the negative pole of 
the rectifier. The positive pole is connected to the bonom electrode in direct contact 
with the bath. The hot prereduced ore from the re:ictor is charged together with 
suitable r.uxes through the bore in the electrode. The hot malerial :at 600 to 700°C is 
fed into the arc submcrgt"d in the sla& and rapidly smelted and reduced. The foaming 
slag is continuously lapped. The hot metal is intermittently tapped leaving about 
20 percent of metal in the furnace . 

The hot metal contains approximately 4 percent carbon and very low silicon and 
m:ing:mese co~tent. around O.OS percent, but a relatively high sulphur content. After 
tapping, the hot metal is treated in a con,:entional way for remonl of sulphur before 

stcclmaking . 

Full scale tests of the final reduction stage were carried out at the SSAB Domnarvel steel 
plant in 1977/1978 in a 30 t furnace. Tests of the prereduction slage were performed by 
ASEA in Sweden. · 

The INRED process 

The development of the INRED process started in 1972 at Botiden AB in Sweden with 
the first aim to produce hot metal out of pyrite cinder . 

The method has been developed in several stages and tesled and adjusted in pilot plant 
trials (3 t/h) in 1978 and in a demonstr:uion p!Jnt 1982/1984 with a capacity of 8 t/h at 
the MEFOS research plant in lulea, Sweden . 

The reduction of the ore in the process occurs in two stages which both take place in one 
single reactor. This is schem:ttically shown in figure 3. The main raw materials are 
iron ore concentrate, bituminous coal and limestone. Heat and gases are generated with 
oxygen and electricity. The products are hot metal. sbg ar.d the electricity needed for 
the process. Iron ore concentrate is prcreduced to wustite (feO) during the nash 
smelting cf the concentrate using coal and oxygen in the upper section of the reactor . 
In this first stage up to 90 percent of the process energy may be supplied. The final 
reduction is made in an electric furnace. which forms the lower part of the reactor where 
the babnce of the required energy is supplied by electricity . 

Hot metal and slag are tapped from the bottom of the reactor. The waste gases are 
completely burnt with oxygen and from the hell of these g:1ses steam is produced in the 
cooling system of the reactor which is conn,•cted to a waste heat boiler. Supcrhc:ited 
steam from this boiler is used to drive a steam turbine ~rnerator proJucing electric power 
for _the oxygen plant, the electric furn:tce and :iuxil!.1ries . 

The construction of an INR ED iron pbnt :iprears in Figure 3. The walls of the flash 
smelting chamber consists of panels of boiler tubes. Boiler tubes are :ilso used in the 
central gas take off in the roof of the chamber. Into this chamber jets of the raw 
materials and oxygen are tangentially blown to cre:ite a vortex. A te01prr~ture of 
t.900°C is m:tintained in the gas atmosphere of the chamber. where oxide m:uerials in the 
feed r:tpidly become molten and fall down together with some formed coke on the bed of 
re:tcting materials floating on the top of the molten slag and iron. · 

During the final reduction the temperature c!rops r:lpidly to the temperature of the bath 
:bout t .450°C. Due to the high temperature of descending material ( 1,600 to I ,650°C) 
!he need for heat for the final reduction of iron oxide in the bed is in the order of 
300 kWh/ton, which is .added in form of electrkity in a submerged arc furnace where 
final reduction takes place. Consumption figures appear in Table I . 
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The Plalmalmelt process · 

·:he <!cvelopment of metallurgical proce5ses b3sed on pla>ma tt"chnology started ir. 1~72 at 
SKF Jlofors in Swt'cien. The main principle of these procrsscs is tl;at electric energy is 
conver1ed into heat r!:e;gy in a plasma £3S. independent of the gas generation • 

Also this smelting reduction process. Plasmasmclt. ~ a two stage JJroccss. Figure 4, where 
fine ~rained iron ore conccnlrate in the first .::tage is prercduced in nuidised beds and 
lr:msfened with reducing gas to the final redncfr>n slage. This takes place by injection 
of this prerrduced material tosether with coal and slag formers into !he bone>· a of a shaft 
furnat:e whiC"h is filled wilil coke and provided wi1h pbsma burners. 

The process has been tested since 1981 in pilot pfants with l.S MW burner and a capacit)' 
of O.S to I t/hour. In 1984 a plant was erected for upgrading or dust from s11.·dworks. 
This p!Jnt is equipped with three 6 MW pbsma- generators and has an annual capacily of 
70,000 I/year. This autumn another plasma plant for production or ferrochromium .will 
be lakcn inlo operation in Sweden. This plant wjlJ p1oducc 80,000 t/year . 

The independent liea1ing by the plasma burners ma'..;::s it possible to con1rol the 
generalion or gas in the final stage of reduction and optimise the utilisation of the 
generated reducing gases and avoid reci1cula1ion of big &as volumes . 

In the cxlremely hot gas 1empera1ure of 3.000 10 5,000°C in lhe plasma genera1or 1he 
prcrt·duced ore concentrale is rapidly reduced and smelled and recarbuiised to a hot 
metal of conventional blasl furn:ice quality. Slag and metal are tapped in 1he same way 
as from the blast ~·1rnacc • 

The generated carbon monoxide and hydiogen gases f 1om lhe final reduc1ion leave the 
s.haft al lcmperaturcs of 1,000 10 I ,200°C. A bout 20 percent of the ga'5 is genc1a1ed 
from 1he coke in the skfl and the 1est from the injected coal. 

After cleaning and coc.~ing the gas is fed 10 the prereduc1ion s1age at a tcmpcrattue of 
about 800°C. The off gases from 1he pre reduction con lain 10 to IS percent carbon 
monoxide and hydrogen and are used for drying and prchealing the ore conccntrat~ • 

When electricity is cxpcnsi ... c compared 10 coal ii can be preferable 10 replace electric 
healing by burning c.oal wilh oxygen in the final reduction stage. In lhe lablcs and 
figures tl1is method is called "Pla:imasmclt OXYGEN•_.. Consumplion figures for the 
process ~ppear in Table J. - . · ·-.: · 

. ; ... 
4. FIN;\J, S~1ELTING TlllWUGH OXYGEN INJECTIC.S 

The CORf:X process. ; • • ,·· f" • • • - • .. . . ... 
. : I 

l.ontrary 10 rhc previously described smelling reduction processes where ekclric energy is 
used more or Jess for· final reduction the COR EX process uses heal from carbon 
combustion with oxygen injected in lhe coJ.;e hed on the balh. The development of this 
process c:irlicr called KR, was started in 1977 at Kehl ir. Wesl Gt'rn1any by Korf Stahl 
AG. .:.'.-.: ;, :·. :;. :: : ·.. . ... ·, · 

The concept of the process is also based on the two stages of reduction. Figure S • 
Pelletiscd iron ore is prcrcduced in the first step using generated reducing gas from the 
fin:ll srconc1 strp.: The ~rparating of the 1ccfocing stages makes it possible 10 use cheap 
coal for 1cc:irlH~risa1ion, ca~ification and heating. . . · · 

• • 
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L'nlil..e the l':trlicr dt'"cribl'd Swl'Jish procc~scs for sm.:hing re,fuction the COREX process 
uses the :igglomi:1 atc:d iron ores :>r lump ou.•s of uniform grlin size. Rcquir..:ments on 
the prope1ties of the ore arc somewhat kss strint;cnt th:tn for direct rl"duction both 
physicJlly :ind ch.:mically due to the successi\·e smdting, which can toler:ite higher 
contmts of snnll p:uticlcs :ind g:inguc th:in norm:il sponge iron. A wide r:inge of t-o:tls 
h:ts been tested from lignite to :inthr3cite. It is preferred to use a low sulphur coal in 
ord.:r to 3\·oid ex! nsiv~ dcsulphuris:ition of the hot mct31. Sl:ig 3n:ilysis is controlkd by 
:idditiws of liml!stone. dolomite 3nd s:ind depending on the compositi<;>n of the g:ingue . 

The g::s gencr:ition t:ikc~ pbce by p:irti:tl oxiJ;11ion of co:il in a fluiJiscd bed O\er the 
b:llh 3S is s..:hem:itically S;?en in Figure 5 showin:; the COREX process system. To the 
so-c:illed melter gasifier the hot (800 to ?00°C) prercduccd irvn ore front st:tge I is frd as 
well :is the co:il :ind the fluxes. The re:ictor consists of two zones, a lower g:isification 
zone where the co:il is g:tsificd and the p1ereduccd m:tterial melted to hot mct:tl :tl"d an 
upper Lone c:illcd the CJlming zone \"·here entrained dust particles settle :ind 1ccirculate in 
the fluidised bed. The g:is is le:t\·ing at a tempcr:iture 1,000 to l ,200°C, mixed with 
cooling gas to 850°C. cleaned :ind led to the· prereduction furnace. The other products 
from the re:ictor, hot metal and slag, is tapped from the bottom . 

The prcreduction furnace is a sh:ift f1•rn3ce of 3 well known design within the ORI 
technique. The g:is :isccnds counter currently th1 ough the burden. whiLh descends by 
gra\·ity :rnd is tr:insfcr:ed to the melting rc:i:::tor by a controlhble tr:insport system . 
:'\k1:illis:ition is supposed to be at ll':?st 92 percent . 

The top gas is ck:incd, coo!ed :ind often mixed with su1plus gas from the g:isifier. The I 
energy in the gas c:in be u~ed for \"arious energy dcm:rnds :is generation ,f electricity, /I 
1l\~ge1: etc. Consumption figures :ippt>:tr in T:ible I. 1 

The COR LX process seems to be the first of the modern existing smelting reduction 
;.'rCICl.'Sses to he applied commerci:illy on iron ores. ISCOR ir South Africa h:is thus 
decided lfJ c1 .:t a 300,000 t/ye:ir plJnt at Pretori:t Works \\ hich will start opc1.lliun next 
: l'Jf • 

The COl.V process 

This rro.:ess is an cx:tmplc of a series of proce~scs for ~:l~ifi.:::tion of co:il, which :ilso c:in 
be used for production of hot me1:il through smelting c~·duction . 

Jn the COIN (Cua! 0\ygen Injection) proct•ss the rlc\·clopm.::nt work started by Krupp in 
West Gc1111:10y in the bte 1910s. fhe concept of the process is to inject fine gr:iined 
co;il :ind o.,ygcn through nozzles in the bottom of a con\"cl!cr melting prcrcdu.:cd iron ore 
or scrap using the hc:it of the partial comtusti.1n of the co:il, Figure 6 . 

The simplest possible w:iy to combine :t prrrcdu.:tion stage with fin:il smc::1ng in the 
con,·ertcr is shown in Figure 6 whl're the g:iscs lc:i\'ing the converter consi~ting of c:irbon 
monoxide ;ind hydrogen arc used untre:tted in a convcntion:il direct redu..::tion procl'SS . 
Re..::ently the m:iin a..::ti'-ities h:ne b~cn directed towards the combin:ition of COIN with 
;>rer.:dui:tion in :i cin;ul:iting bed. fhe c:tkubted consumption fi~ures ;1ppc:ir in "f3ble I. 

Extensive rcs1·:irch work is going on tod:iy in many countries to use 'the principles of this 
process :is :i gcncr:il way of co:il g:isific:ttion. For the moment t\vo diffc:rcnt groups 
Klockncr-Humbohlt-Dculz-Sumitomo (MIP) :ind Inter Project Scnice-Nippon Steel 
(CIG) :ire, ind1:µcndcntly of c:i..::h other, c:irrying out such dcvclopmc:nt \\Ork at the 
1\1EFOS rcsc:m:h pbnt. in Lu'd, Sweden. In \\'est Gc:rm:iny a third ~roup Kl0..:kr.cr 
~faxhi'atte CR:\ (K SG) has also ilccn working along tlw~~ lines . 
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Tire SC pwce:u 

The SC process is a smelting reduction process in\'cnted by Sumitomo Metal Industries in 
J:ipan. which started their dc,·elopment research in 1981. The SC process is di\'ided into 
two stages. Figure 7. the first or which is a conventional reduction or pcllctised ore in a 
sh:irt forn:ice uo;ing the reducing gases coming from the second melting ga!>ifying stage . 
This final step takes place in a shaft furnace to which coke and the prercduced hot 
material from the first step are added at the top and oxygen a'!d pulverised coal at the 
bouom . 

The SC process caP. use low quality coke and has coal as the main 1cduct:int. Compared 
to the bl:ist furnace the producti,·ity or the final shaft is increased. This is mainly due 
to reduced gas volumes becaus .. no direct reduction seems to take place during melting . 

The process has been tested by Sumitomo in a pilot plant. where the reduction shaft 
furnace and the melt~r gasifier were installed side by side. The consumptif'n figures 
appear in Table I. · 

Kawasaki Steel has also dc\'eloped a similar two stage process. Figure 8. which has been 
tested at a pilot plant facility at Chiba Works in Japan . 

S. TECHNICAL AND PROCESS COMPARISONS OF THE DIFFERENT METHODS 

T:ible II is a summary of the ,·arious characteristics of the different processes. As has 
been mentioned earlier one main objective for the development of the new processes was 
to find ways to avoid sintering or coking and also to create flexibility to use a wide range 
of iron ores and inexpensive low grade non coking coal. 

As has been summarised in Table III the INRED. ELRED, Pfasm1.smelt, COIN and 
Kawasaki processes can all use fine crained iron ore concentrates directly. In the 
COREX :ind SC processes on the other hand pellets or screened lump ore have to be used 
as the prereduction takes place in a shaft. This is also necessary in one of the C01N 
concepts . 

All processes can utilise non metallurgical coat, but Plasmasmelt, Kawasaki and SC also 
need coke as a filler of the final reduction and smelting shaft. In these cases the 
consumption of coke should be rather small . 

The electric arc furnace is used in the El.RED and the INRED processes for the final 
smelting. The ne\7ess:uy electric power is generated internally from the off gases in a 
power s11tion close to the plant .. 

A shaft furnace design is utilised in the Kawasaki, SC and the Pfasmasmelt processes. Jn 
these cases the shaft is filled with coke. Jn PIJsmasmelt and Kawasaki the pre•educed 
iron ore concentrate is injected through tuyeres at the bottom of the furnace where it is 
melted and carburised to form hot metal. Jn the SC process all the prereduced iron ore 
is charged at the top of the shaft. Jn the Pfasma~melt process the energy is supplied 
through the plasma unit whereas in the Kawasaki and SC the energy is created by 
burning coal with oxygen. In the Pfasmasmelt Oxygen part of the electricity is replaced 
by burning coal with oxygen. · 

T!lc COIN process uses a converter type furnace where energy is supplied by burning 
oxygen with coal. Oxygen is supplied either by blowing it on to the bath or through the 
bottom of the furnace. Jn the COREX process the smelting and gasification takes place 
in a reactor that ·has similarities to the bottom part of a blast furnace .. 

• 
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In order to compet~. the necessary downstream processes must not be more expensive 
than those in the bl3st furn3ce basic oxysen furnace route. This is also the case for :lit 
the described methods. The necess:iry treatments of the hot met:il depend solely on the 
qu:ilities of ore and coat. as in the bl3st f urn:ice route. Thus desulphuris:ition is 
necess:iry in most cases . 

In the ELRED and COIN processes the produced hot met:il has a very tow silicon 
content. thlls a slagless ste·etmaking practice wilt follow. which wilt have some cost and 
quality advantages. -

In the COREX process on the other hand the hot metal produced seems according to 
published data. to have a high silicon content around 2 percent which means somewhat 
higher cost for conversion into steel. 

Table IV shows the energy consumption in tlie different processes. As can be seen all 
the processes have the same order of magnitude of ener&Y requireme11ts as that of the 
blast fur:tace . 

Most of the processes produce excess gas with high calorific value. To get the process 
economic this ex.:ess gas has to be utilised. The excess gas can be used for such 
applications as oxygen generation. heating of steel mill furnaces. or as in the case of 
ELRED, for generation of electricity. In the INRED case all the excess gas i utilised 
internally in the process . 

It should Le pointed out that, with the exception of Plasmasmelt. even in the processes 
where electricity is used for final smelting, coal is the primary source of energy . 

Capital requirements and scaie factors for process equipment 

As the new smelting re.dl.lction processes are independent of coke oven plant and in most 
cases also of sintering plant, they can be built on a much smaller scale than would be 
feasible for a system based upon a blast furnace, where the minimum economic size 
:!enerally is considered to be around to I to 1.5 Mt annual capacity. However the 
smelting reduction processes can be·scaled up, even though with the present knowledge it 
is hard to envisage a one unit plant above I Mt. For cJpacities above that one has to 
calculate with more than one unit. Some scale up problems may be connected with the 
INRED, COREX and COIN processes :ibove 0.5 Mt annuJI c:ipacity . 

In the analysis below, the capital expenditures needed for the smelting reduction 
processes are b:.sed upon information from the equipment suppliers. Strictly the costs 
Jre valid for the country of process origin only. It is re:ison:ible to assume that these 
cost~ are more reliable for the processes which have been extensively tried in pilot or 
demonstr:ition stages thJn for those who have not yet reached these de\"efopment stages . 

It should be pointed out however that, in general, suppliers are known to undercstim:ne 
when quoting for c:ipital budget figures as comp:ired to the figures. they give as firm 
quotations. Also there is a tendency to underestimate the cost for ·services and anti
pollution measures . 

Assumptions about equipment productivity is another imporlJnt factor and only full sc:ile 
oper:ition can give reliable data. The capital expenditure for the conventional bl:ist 
furn:ice route as well as -equipment needed for DOF steclmJking are based upon latest 
experience . 
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The C3pit31 expenditure needed to build a I Mt integrated steel plant in the Antwerp • 
Roncrd3m. Amsterd3m area (ARA) ~ shown for the various processes in Fi£ure 9. The 
Pl:ism3sme1t route has lower in,·estmcnt costs t~3n the other processes mainly bcc:ause no 
equipment for electric power gcne1Jtion is included 3nd because the low consumption or 
fossil fuel means th3t there are only small volumes or gas to be cleaned. Also the COIN 
process claims low investment cost. This is due to a simplified steelmaking plant. which 
can be built because or the tow carbon content in the hot metal. The COREX process 
has investment cost for agglomeration but needs no external desutphuri~tion unit. · · · 

" It is clearly shown in Figure 9 that the disad,·anlage f rcm thi: investment point or \'iew 
with the bl:ist f urnacc-BOF route is :he cost for agctomeration and col.cmaking plant. 
The smelting reductions units on the other hand. with the exception of the Plasmasmelt 
route. have high '"ost for oxygen p?ants • 

However it is interesting to note that the investment cost for the reduction unit itself i! 
lowest in the blast furnace-BOF route. Th:::; a. blast furnace costs less to build than the 
smelting reduction units. 

The total investment cost for the integrated bhst f urna::e basic oxygen furnace system is 
about 340 to 360 USS/annual tonne of steel as compared with 240 to 330 USS/annual 
tonne of steel for the smelting reduction routes. These costs refer to a unit size around 
I Mt/year • 

To obtain investment \•alucs of equipment sizes which differ from the normal size. the 
2/3 rule has been used. The estimated cost of investment (1

1
). at a selected capacity (V1) 

is then calculated by the known investment cost (1
2

} at a given capacity (V
2

) according to 
the formula: · · ·. · · 

2/3 

The calculated capital cost per tonne of liquid steel for t'te various processes as a 
function of scale is shown in Fi~ures JO and JI for ARA location •. · The discontinuities 
in the curves indicate that an addition3l smelting reduction uni~ has been added to the 
system. Jn the blast furnace-HOF route.it has been assumed that a st-cond blast furnace 
is added when the cap3city increast-s above approximately 2 Mt/year. ~:· ··· <.: · 

...·· .... ::·=~. :· .. . ::·:·: J ..• ~··"'~ L.::. ·.·:.:·I.<!: ... 
Figures 10 and I I show that when the scale increases the capital cost per tonne of liquid 
steel becomes lower for the blast furnace BOF route than for the smelting reduction 
route~. An· exception to this is the COIN process. where the low - !)ital investment 
yields a tow capital cost per tonne .. : , · ... · ·- · : · ::: · · 

. ; .:·. ·• ~· 

For capacities below I .S M annual tonnes all the smelting reduction routes have somewhat 
lower capital costs than the corresponding blast furnace-basic oxygen furnace roure. It 
has to be stressed at this point however that most investment data for the smelting 
reduction processes are based on estimates only. . · · , : ·· .. - . ·. · " :. · · ' 

- .. ·: :· · .. ;:; ,.;.'. i · .. ': ... : ... ;.. 

. .. . ··· . .... ::-. . ~- . ~ .. ...... . . .. , . . .. 
,J'• .•••.• ...··: .. .... . : .... ;-~. ·. 

'. .f. , •' I o; .. ..... 
. •. :· ... ~ ·,, 

• 
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6. MA:'\lJf.-\CTURl~G COST CO~IPARISO~S 

In figure 12 a total m:inufocturing cost comp3rison for the production of liquid steel h:is 
been m;ade between the different smefting reJuction processes ;and the bl:ist furn:ice b:isic 
ox)·gcn furnace route. The C3kubted m3nuf3cturing cost is the sum of raw m:itcrial 
costs. oper:iting costs and capital costs. including depreci:ition :ind interest. In e:ich c:ise 
the c:ilcubtions have st:irted :u the st1gc of iron ore concentrate and co:il :ind finished :it 
the liquid steel st:igc. Th:it nttans th:it the cost of agglomer:ition 3S •·ell :as coking • 
desulphuris:ition. etc. arc :ill induJi!d when it is necess:iry for the procus route. In the 
c:ise of the Pl:ism:ismelt and SC process the limited :imount of necessary coke is supposed 
lo be bought :it a price which cqu:ils the cost of m:inufacturing coke in a 700.000 t/yeu 
coke pbnt. Consumption figures for r:iw m:iteri3ls. bbour. etc. for the different 
processes :ire :ivcn in T:ible I. The corresponding d:ita for the bbst furn:icc :ire m:iinly 
t:iken from opcr:ition:il data at Nippon Steel Oita pbnt for a sinter ch:irged furnace an:I 
from SSAB Svenskt Stil. Lule! plant for a pellet ch:irged furnace. The unit costs for 
raw m:iteri:ils. labour and other cost elements .. .-hich :ire listed in the :ippc'\,dix are b:ised 
upon price and dollar exch:inge rate :n April I. 1916 . 

The calculations arc made for locations in ARA, Tubario :ind Tokyo Bay. Costs for 
rep:iir and m:iinten:ince have been :isscmcd to be 4 percent or the investment cost for the 
equipment. Cost for overhead. research and dc\·etopment have been assumed to be 
6S percent of direct labour. In ARA and J:ipan the c:ipital ch:irges arc b:iscd upon 
discount + S pen:ent :is sllo.-n in the :tppcndix. That means an interest of 9.S percent in 
ARA and 9 percent in fap:in. In Brllil an a\·erage rate of interest is estimated to be 
IS percent. 9 percent from the World 81nk and 21 percent from the intcrn:itivn:ll c:tpit;al 
m1rkct. The tiepreci:ition of fixed assets is 12 years. Capital charge for current assets 
are based upon necess:iry raw m1terials and other in\·entories for two months of 
operation. Investment costs are calculated for the volume needed in each step of the 
different routes . 

As has been pointed out earlier. besides the price of ore and coal the credit value for the 
off gases has a dominant role in the c:ikulltions. Local conditions for how to utilise the 
excess gas can vary greatly. In the c:!lcul:ttions the excess gas has hen priced according 
to loc:il credit value per GJ for BOF gas . 

As can be seen in Figure 12 at the ARA location the tot1I cost of production an a I Mt 
plant varies very little between the various routes and are within the limits of 
uncertainties in the calculations. At the pr~sent st:tge of development :md kn.:>wledge ir 
thus i4> impossible to differ between the \Jrious Murcs based upon economic c:t!cubtior.> 
only. Howc\er. as expected when the plant size decre:ise~ as sho\l:n in Figures 13 and 14 
t!le smelting reduction process will give a lower man·•facturing cost. In the most 
favourable i)OSitiori. that is lt a low annual tonn:ige around 500 kt. the IN RED route 
which has the lowest cost, give a manufl.:turing cost v. hich is IS perant below the cost 
for t'1e bbst furnace roulC . 

Also for lo.:ation at Tub1rao. Figure 12, the \:trious routes give. an a I Mt pbnt • 
m:lnuf:icturing costs which arc dose to t•ach other . 

On the other h:ind in the Tokyo B1y loc:ition, .=igure 12. wit!f very high cost of 
electricity (almost double that of ARA and Tub:ir:lo) and high local v:tlue of credit gas • 
the Plasmasmelt and COIN give significlntly higher costs for liquid steel than the other 
processes. The present situ:ttion in this lo.:ation is such tlnt the gcner:tted excess gas c:rn 
be utili~ed in production of electricity in a way which is favourable from the economic 
point of view . 

llSl/f./:!0 I .S/9 



• •• ·• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • 

It is interesting to note that Figure 12 also sho..,-s that for the classical bl;ist fuanace-b;isic 
oxygen furnlcc route the nlcul:uecl costs of steel production are approxim:llely the Slme 
in Tokyo Day as in the ARA location. 17S USS/t of liquid steel. Jn Tublrio on the 
other hand the cost :arc significantly tower. 16.S USS/l or 6 percent. This difference ,,.,.ill 
be 19 percent if capital cost for investment is excluded. Cost of raw material and 
manpower are the most imponant factors uplaining this difference between Tub3rio 
(FOB 10Cltion) and ARA/Tokyo Bay (CIF location). 

When the different smelting reduction methods are comp3rcd to each other. consumption 
of raw material. labour. e:e. are approximltely the nme for all the different methods. 
or greater influence :are local factors like avaibl:ility of and price of coal and electricity. 
Figure IS shc""-s that when cheap electricity from hydroelectric power or atomic energy is 
:l\·ailabtc. Plasmasmc1t. which h:is an optimal use of energy within the process. should 
have good prospects of success. In a country where che3p coal or other fossil fuels ue 
available but the price of elcctrici&y is high. ELRED. which yields electricity as a by
product should be competitive. INRED and COREX. which 3re also coal b:ised in this 
respect occupy interrMdiatc positions. 

If a situation of over capacity exists the introduction of a new iron and stcetmaking 
process has to meet very tough economic criteria. Thus the cost of produclion including 
capital cost for the new process. has to be lower than the cost of production excluding 
c3pital cost for the: existing proc~ Figure 16 ckarly shows that if this factor is laken 
into account it is. in lhc present situ3tion, impossible for the new smelting reduction 
processes to compete with the cl3ssical blast furn3ce basic oxygen furnace route in the 
locations investigated . 

If any of these n.:w merhods are going to be introduced there must be other local reasons • 
Such a reason could be availability of local non coking coals. cheap electricity. desirable 
incrcase of m~rgin31 tonnage of liquid hot me1al. gas generation. elc. Building a new 
coke plant in an ex isling steel plant. for ins1ance. requires much capital and ghres 
pollution problems. Herc a smelling reduction unit can be a solution if hot metal can 
also be used . 

For ins1ance the decision to build a COREX unit of 300,000 t/year in South Africa was 
due to several fac1ors. like the a\·ailability and cost of coking coal as opposed to the 
ready 3\"ailability of low cost non coking coal with a high ash content. the need for a 
subst:mtial supply of fuel gas at the parlicular works, pollution control requirements and 
the need to augment the scrap charge wilh a virgin Fe source . 

7~ SMEl1TING REDUCTION IN CO~IBINATION WITH SCRAP !\1[1.Tl~G IN TllE 
El.ECTRIC ARC FURNACE 

It should also be mentioned that one field of applicalion for the new smelting reduction 
processes could be in comtinalion with an electric arc furnace to produce slcel from 
scrap to liquid metal. Such a mixed process where the arc furnace is fed wilh liquid 
meral low in sulphur and silicon could be economic e\·en on a small scale. By 
comparison with cold scrap charging only, this offers a subs1antial increase in 
productivity of the electric :ire furnace and hence lower power and elcclrode costs . 

l\fany elt-ctric arc operators are facin~ increasing tramp clement problems and a source of 
liquid iron will assist them in diluling 1hcse elements . 

The mixed processes also have quality advanlages <lue to the heavy boil that occurs 
during decarburisarion. Thus the manufac1ured s1eel can be used for a wider variety of 
produc:s. · 
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• 
Sucla a pl3nt built for utilising chup purchased scrap and liquid met31 will prob3bly be 
very economic31 on a SC3le much below O.S Mt a year. It could be a strong proposition 
in :an are:i with shortage of quality scr3p. By changing the ratios between hot met31 and 
scrap the mixed process also gives :in interesting economic way to out b31:lnce the 
frequent Ouctu3tions in scrap prices • 

I. FINAL REMARKS 

A number or smelting reduction processes exist tod:iy as piJot and demonstration pfants 
i.e. ELRED. Pl:asmasmelt. INRED and COREX processes. Besides these there are also 
processes that exist at concept or pilot stage. for instance COIN. SC. CIG. MIP. KSG and 
Kaw:asaki i)rocesses. So far none of these projects h3ve yet re:tched the commercial 
stage for iron ore reduction. One of the processes. COREX. will be in oper3tion next 
year with a rated C3p3city of 300,000 t/ye3r. A Pl3smasmelt unit of 70,000 t/year- is in 
operation for upgrading of steel furnace dust to metals and another Plasmas melt pl:ant for 
production of 80.000 t/year f errochromium will be in operation this fall. · · 

One of the m:::in objectives with these processes is to bypass the coke oven and mainly 
u!ilise cheap non coking coal and also to have a high degree of nexibility towards iron 
ore and other raw materials. Thus, in most cases iron ore concentrate can be used 
without agglomeration. The concept of the smelting reduction proce'is is to produce a 
liquid product. hot metal. which then can. be processed downstream to steel by existing 
steelmaking technology. for instance in a basic oxygen furnace . 

As the consumption of ore and manpower are approximately the same in all processes, 
the economic result of the new processes depends mainly upon the ability to utilise cheap 
energy as completely as possible within the process or in such a manner that surplus 
energy in the form of gas or electricity can be entirely used for other purposes . 

Economical calculations which are based upon data given by the equipment suppliers 
indicate that at locations like ARA, Tokyo Bay and Tubarao in Brazil the cost of 
manufacturing liquid steel by the smelting reduction route is somewhat tower than for the 
cl:issical blast furnace basic oxygen furnac:: route, when the plant size is smaller than I to 
I .S Mt/year steel. It must be pointed out however that the difference is small and 
considering the uncertainties in the b:isic data rcg:irding equipment productivity • 
refractory and fuel consumption :ind capital expenditure in the new processes, the 
difference is probably within the error of the caku1ations . 

However. the difference will incrc:ise for small pl3nt sizes. At a plant size of 
500,000 t/year and in the A RA location this difference to the blast furnace route for the 
smelJing reduction process yielding the lowest cakufated manufacturing cost, is calculated 
to be approxim:itely IS percent . 

Within the various smelting reduction processes themselves the difference is small in the 
ARA and Tubario locations. Jn the Tokyo Bay area gre:iter difference exists due to 
high cost of electricity . 

Local conditions may vary substantially and thus favour one or other of the processes . 
Jn countries with cheap electricity Plasmasmelt should give the lowest manufacturing cost . 
On the other hand coal based El.RED should have good prospe::ts in countries with cheap 
co:il and high electricity rrices. The INRED and COREX processes which :ilso are coal 
based hold, in this comp:irison, intermediate positions . 

The economic c:ikul.;:;~;,) dearly show rhat it is not possible for the new smelting 
reduction processes to compete with the already existing modern blast furnace-basic 
oxyger1 furnace system, as in this case the c:ipital ·cost for the existing furnace can be 
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disres3rdcd (sunk cost) •. On a short term b3sis in the present situ3tion or o"·er C3p3City 
it is therefore h3rdl)" e:\.pt'Cted that an~· or the ne,_: processes will be built in the 
industri31ised western world . 

Jlowe\·er. when new in\·estment in steclmJking C3p3cit)" are planned the new processes 
will have a possib~lity to be rellised when pl:mts of low capacity are builL One example 
could be a coll and iron ore blsed mini mill. Also in combination with elecrric arc 
rurn3ce steclmaking, hot metal from a smelting reduction unit could replace part of the 
scrap. It is also possible that when old capacit)" is going to be replaced local conditions 
in an existing steel plant could favour the building of a smelting reduction unit • 

Today pilot p'3nt and demonstration plant data exists for some of the processes. Only 
full scale p'3nt operation however can definitely show whether the smelting reduction 
processes in the Jong perspective will be a successful competitor to the blast furnace 
route • 
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..irrE~OIX 

GF.~[RAL CO:'\DITIO~S FOR Tllf._C . .\J.CUl.ATIO~S 

Exchange r3tes of some 
currencies April I. 1986: 

Depreciation period: 

Stock turnover: 

Official discount rate 
April I. 1986: 

Interest rate 
for the calcul:ition: 

I NLG = 2. 7955 SEK 
I USS = 7.355 SEK 
I USS = 2.631 NLG 
I SEK = 0.3577 NLG 
I NLG = 0.381 USS 
I SEK = 0.136 USS 

12 ye:irs 

2 months 

Ne1herl3nds 4.5 CM. 
bpan • 4.0 CM. 

Netherlands 
bpan 
DraLil 

Discount + 5 'I. = 9.5 CM. 
Discount + 5 'I. = 9.0 CM. 
World Dank 9 CM.. 
lntern:uional currency market 21 CM.. 
50/50 fin:incing => I 5 CM. 

R:t'.L!!l_ateri:ils (All figures in inelric tonne units) 

Pellet feed 
(ton) 

Micro pelletiled 
concentrate 

Si~ter fines 
(ton) 

Pellets 
(ton) 

llSl/f./F/G/J/2014/Annex I 

Assumed price of S:imarco pellet feed 21.01 ct/u 
FOB (67.56 % Fe). For Tokyo additional freight 
6 USS/ton and A RA 5 USS/ton. For the htter 
location. the cost of ore handling is added . 
ARA 21.01 x 0.6756 + 5 + 2.7 = 21.89 USS 
Tokyo 21.01 x 0.6756 + 6 + 2.7 = 22.89 USS 
Tub:irao 21.01 x 0.6756 = 14.19 USS 

As concentrale above + S 
(0.68 USS/ton) 
ARA 21.89 + 0.68 = 22.57 USS 
Tokyo 22.89 + 0.68 = 23.57 IJSS 
Tub:irjo 14.19 + 0.68 = 14.87 USS 

C:irajas sinter feed assumed price 27.S 
(67.S % Fe). Freight and handling as 

SEK/ton 

ct/u FOB 
for pellet 

feed. 
ARA 
Tokyo 
Tubarao 

27.S x 0.675 + S + 2.7 = 26.26 USS 
27.5 x 0.67 C' + 6 + 1.1 = 27.26 USS 
27.S x 0.61) '"' J8 . .S6 USS 

Calculated as S:imarco pelJets, price 34 ct/u 
(65.18% Fe), for the process routes without internal 
production of pellets. Freight as per above but 
handling cosc 1.5 USS/ton. Addition 2% on 
tonnage price C&F for dust formation for ARA 
and Tokyo and 1% for Tubar:lo • 
ARA l.02x(34x0.6518 + S)+l.S"" 29.20 USS 
Tokyo l.02x(34x0.6518 + 6)+1.5 • 30.22 USS 
Tubar:io l.Oh(34x0.6Sl8) = 27.43 USS 

r. 
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S.:r:tp 
fron) 

Limes1one 
(ton) 

Dolomite 
(ton) 

Burnt lime 
(Ion) 

Burnt dolomi1e 

StC'::m coal 
(ton) 

Coal for injc.:tion 

Cu!:ing cu31 
(ton) 

Oil 
(kgs) 

llSl/f./F/G/J/2014/Anncx 2 

ARA 100 t 'SS 
Tol~·o 16.67 USS 
Tub:uao S-U-1 USS 

Assumed content of C3C01: 9& tK. 
ARA 30~9E/97.S = 10.IS4 NLG(l 1.461 USS) 
Tol}'O 12x?8/99.3 = 11.843 USS 
Tuh3rao 12.7Sx98/(S4.4/S6/100) "" 12.87 USS 

C:ikul:11rd 3S limestone + I .S USS 
ARA I i.461 + 1.S "" 12.96 USS 
Tokyo 11.843 + 1.S = 13.34 USS 
Tut..irao 12.87 + l.S = 14.37 USS 

Assumed conlcnt of CaO: 92 'tb 
ARA · 170 NLG (64.77 USS) 
Tokyo 86x92/92.14 = 85.87 USS 
Tub3rao 47.10x92/93.76 "" 46.22 USS 

Assunu~d t."qual with burnt iime price + 3 USS/ton 
ARA 64.77 + 3 = 67.77 USS 
Tokyo 85.87 + 3 = 88.87 USS 
Tublrao 46.22 + 3 .: 49.22 USS 

1.5 USS ch3rgl!d for h:indling. Ste:im co31 is 
i:nrorted to ARA and Tub:irao. Spot price 
American Gulf-co3st April 2. 1986 40 USS/Ion 
(oil. co:il &. coke 19!t6:4/SPK) + c:?kufated freight 
6 USS/ton . 
ARA 40 + 6 + 1.5 = 47.S USS 
Tokyo 46 + 1.5 = 41.5 USS 
Tub:uao 40 + 6 + 1.S "" 47.5 USS 

Assumed being steam coal + 8 USS for grinding. 
:\RA 4"/.S + 8 = 55.5 USS 
Tokyo 47.S + 8 = 55.5 USS 
Tub3rao 47.S + 8 = 55.5 USS 

Additional cost of 1.5 USS for h:rndling. The 
rrice of coking coal in Tubarao is calculaled as 
price of ste:im coll + 12 USS. 
ARA 59.5 USS 
Tokyo 61.9 lJSS 
Tub:trao 47.S + 12--= 59.5 USS 

Calorific ,;llue JO 000 1-..calfkg to l~e asrnri1cd for 
:ill oils. 
ARA 0.139 USS 
Tokyo 0.199 USS 
Tubarao 0.117 lJSS 

• 



• . • •• • • • Coke 
(ton) • • • • • Electricity 
(kwh) • • Credit or electricity • (kwh) 

• • • Electrode paste 

• (kgs) 

• • Coke oven gas 

• (Gcal) 

• • Blast furnace gas 

• (Gcal) 

• ••• BOF-gas recovered 
(Gcal) • • Manpower • (.manhours) 

• • Other raw materials • • (ton) 
(kg) • (kg) 

• (ton) 

• (ton) 
(kg) • (kg) 

• (kg) • (kg) 

• (kg) 

• (kg}, 
(m) • (Nm3) 

• (kNm3) 

(kNm3) • (J..g) 
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For process routes v.·ithout internal coking plant 
the price is based upon the total manufacturing 
cost or coke in an external 700 kt coking plant. 
ARA 110.02 USS 
Tokyo 102.57 USS 
Tubario IOS.97 USS 

ARA 0.04 USS 
Tokyo 0.079 USS 
Tubarao 0.041 USS 

To be based as 7S ~ of normal electricity price. 
ARA 0.04 x 0.7S = 0.03 USS 
Tokyo 0.079 x 0.7S == 0.059 USS 
Tubario 0.041 x 0.7S = 0.03 USS 

ARA 3.8 SEK (O.S 17 USS) (assumed) 
Tokyo O,S71 USS 
Tubarao 3.8 SEK (CJ.S 17 USS) (assumed) 

ARA 13.044 USS 
Tokyo 20.0 USS 
Tubarao 7.72 USS 

ARA 11.739 USS 
Tokyo 20.0 USS 
Tubarao 7.143 USS 

ARA 13.04 USS 
Tokyo 20.0 USS 
Tubario 7.143 USS 

ARA 18.8 USS 
Tokyo 18.2 USS 
Tubarao 4.8 USS 

The following st:rndard costs are assumed for other 
raw materials 
Mang:mcse ore 
Limestone 
Silica 
BOF-slag 
Limebearing slag 
Ferro-silicon 
Ferro-manganese 
(high in carbon) 
AL-granules 
T:ir 
Coke breeze 
Steam 
Water 
Nitro&en 
Blast (cxci el) 
Blast (incl el) 
Magnesite bricks 

300 SEK (40.79 USS) 
3 SEK (0.408 USS) 
0.02 USS 
10 SEK (1.360 USS) 
55 SF.K (7.478 USS) 
S.8 SEK (0.789 USS) 

2.85 SEK (0.387 USS) 
7 SEK (0.952 USS) 
1.51 SEK (0.20~ USS) 
O.OS USS 
0.16 SEK (0.022 USS) 
0.12 SEK (0.016 USS) 
0.30 SEK (0.041 USS) 
S.80 SEK (0. 789 USS) 
49.10 SEK (6.676 USS) 
6 SEK (0.816 USS) 

,_ 
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3 

4 

5 
6 

T:ihle I: C'C1n~un:;-1ion figurt'S pc:r tonne of l.kstolphuri!'t'd hot mt't31 
for smt'h ing rt'duction proct·sses 

IJF <o:>I injrclion 
Sintirr P.-11 .. ta ELRED 

5intirr
1 

...,,l 1,776 

C-•• rocrntr:otr 3 

kg/l 

. 
Cc.Vir.& co:>I" 

177 

50 

kg/l 610 

E!t ~t ricitJ 
kWh/l 

r.r .. ctrc•drs 
kg/l 

P?:-:.!m:\t-.. ianer 
S/t 

l.imt., tone 
kg/l 

o,"':frn 
:-:m /t 

t~bour 

m:o.':lhc·urs/t 

G:.s (aedit) 
GJ/& 

57 

70 

170 

20 

(l 63 

-4.5 

1,408 

75 

549 

67 

80 

0.4S 

-4.0 

C:;or •• j:o.s 'inter fine• G7.:i% Fe 

!: ... n.irro i.-dlr!• 6S.2% Fe 

!::.m:.rco 1·~llds C.8% Fe 

!.449 

723 

-308 

7 

35 

llC 

150 

0.44 

Ph.ma- Pl:uma-
l:~RED 11nl'lt om..!t Oxy C'OREX 

1,474 

1,491 1,3118 1,381 

697 218 329 795 

156 

1,123 662 62 

4.5 

l 87 0 !;89 

!S 25 25 

244 llS 

;oo 227 525 

0.26 0.25 0.25 o.~3 

.-
5.0 -8.8 

US <:111( '""~I: C.v. 27.2 MJ/k, ash 12% 

C.v. :11 . .C MJ/'r.i :-.sh·: 2% 

C.v. 30.l MJ/~.g ~sh:..; 10% 

• 

COIN 

1,478 

692 

249 

61 

HS 

0.35 
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SC 

1,4l8 

204 

165 

.co 

:ns 

0 '23 

3.9 
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Table 11: Process chJraceristics of dirKt sml!hing reduction processes 

• . -----------, 
• • • • • • • • • 

PREREDUCTION 

• L------------

• • . ---~~------, 
• • • • • • • • • • • • • • • • • • • • • • • • • e 

ANAL 
REDUCTION 
AND 
SMELTING 

•Circulating fluidised bed 

HSl/E/F/G/J/2014/ Annex S 

R.UIDIZED SHAFT RASH 
BED FURNACE SMELTING 

-

ELRED* CO REX INRED 
SKF-PLASMA (COIN) 
KAWASAKI SC 
COIN 

- SHAFT 
ELECIRIC FURNACE CON-
FURNACE SMELTER VERTER 

ELRED PLASMA COIN 
INRED CO REX 

SC 
KAWASAl 

... 
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T:tNt' II': R:iw m:ltt"r i:!I :?~r11•cts 

IRON ORE CO(-!CENTHAT~:S IRON ORE PEUEfS OR 
LUilaP ORE 

-------···------

El.RED COB EX 

H\!RED SC 

S~<r-PLASMA (COU~) 

KAVIASAl{I 

COIN 

T:ible JV: Er.ergy consumption in smelting redt•rtion processes (GJ/t) 

-- -- - ----··· -- .. --··----- ---- .. --- ----- -- - - -- - - ---·· ·- -- - ---- ----
Pro,rH c,.l!inr. Str:.m Coke Eirctricit:r Otl1er r.rcsa EnuJ/ 

coal coal rr.rrgy ~r.rrgy cr.dit 
--

---

Nd 

cr:rra 
··--··---------- - --- --------- ---- --- -- - ----- --- --- -- -

BF •inter H.5 1.S 1.7 o.s 1.9 19.i ·4.5 15.2 
HF rcllets 13.1 2.0 0.2 2.7 18.0 -4.0 14.0 
FI.HED 19.7 0.2 0.1 zo.o -3.2 16.8 
1:-;RF.:D 19.0 0.2 0.1 19.3 19.3 
Pb!m:.rnlrlt 5.9 2.3 4.1 0.1 12.4 12.4 
Pbsm:.rn1,.Jt Ox:r 9.(1 4.7 2.9 0.1 16.7 -5.0 11.7 
CORf,X 21.6 0.2 1.5 23.3 -8.8 14.5 
COIN 18.8 0.9 o.s 20.0 :?0.0 

SC 7.8 6.2 06 1.7 16.3 -3.9 12.4 
------- - ---- - - -·-··-- -- - - -- ---- --- -- - --- ---- --------- - -------- .. - ---

• 
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THE COAL BASED SMELTING REDUCTION PROCESS 
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C 0 R E X The coal based smelting reduction process 

Jurgen Flickenschild : KORF ENGINEERING GMBH 

Dr. Gero Papst : KORF ENGINEERING GMBH 

Introduction 

The steel industry, wor .ldwide, urgently needs a true al te:rna

tive for the blast furnace and coke oven technology. Therefore 

it has been repeatedly tried during the past ten to twenty 

years to produce a similar product but independent from coke . 

More than 10 years ago, a new ironmaking process began to com

pete with the well-developed blast furnace technology. The na

tural gas-based direct reduction technology expanded beyond la

boratory bounddries and, after some years, gained a remarkable 

market potential. Today, it is an open secret th~t such proces

ses are no longer under consideration in the industrialized 

countries, and in areas where high amounts of natural gas a:.e 

still b~ing flared, the demand for sponge iron has remained 

small. 

Th~ sponge iron production in rotary kilns on the basis of coal 

was intended to coLplement and/or replace natural gas and coke . 

This technology has not found real acceptance and plays a 

secondary role as far as quantity is concerned . 

All these processes are no true alternative fot the blast furn

ace, because sponge iron always comes off badly compared with 

hot metal as far as its value is concerned. This is not only 

connected with the lack of perceptible heat and/or melting 
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heat, but also with the separation from the gaag~e. At best, 

the gangue of ore is about 4 \, i.e. in sponge iron it is 6 \ • 

Since the gangue is almost exclusively purely acid, extremely 

large quantities of quicklime are always required in the steel 

plant for adjusting a basicity allowing metallurgical work as 

well as a very high degree of melting energy • 

Besides these developments, everybody knows about the coming 

scrap shortage, especially of high-quality scrap, caused by the 

ever-increasing share of continuous casting. The only possibi- · 

lity to produce higher steel qualities can be seen in a higher 

consumption of hot metal • 

The hot metal production is combined with the· blast furnace 

technology and, again, with the availability of coke. It is 

known that only 12 \ of the world coal reserves are coking 

coals. Even for example in the USA having bigger quantities of 

cokeable coals, the distances between the m:nes and the 

consumers extend with the result that a price diff~rence 

between steam coal and metallurgical coal is established. For 

this reason, it is extremely important that the blast furnace 

is modified to a coal-based alternative • 

Today the most advanced coal-based hot metal production process 

is the COREX process jointly developed by Messrs. Korf 
Engineering GmbH, F.R. of Germany and VOEST Alpine AG, Austria • 
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PROCESS DESCRIPTION 

Hot metal with export gas production 

The COREX process is an iron-making technology for the 

production of hot metal where coke can be replaced by a widL 

range of coals. The replacement of coke is the primary goal 

which helps to reduce the cost of hot metal and the associated 

environmental burden • 

The COREX process (figure 1) separates the iron ore reduction · 

and melting steps into two reactors • 

Generation of reducing gas and liberation of energy from 

coal for melting occurs in the melter gasifier • 

Reduction.of iron ore occurs in a shaft furnace • 

Because of this separation, a wide variety of untreated coals 

can be used in the COREX-process • 

The COREX-process is designed to operate under elevated 

pressure, up to 5 bar. Charging of coal and iron ore is done 

through a lock hopper system. The coal is stored in a 

pressurized feed bin and ~barged into the melter gasifier by a 

speed controlled feed sctew. The coal falls by gravity into the 

gasifier where it comes into contact with a reducing gas 

atmosphere at a temperature of approx. 1,000 to 1,200 °C • 

Instantaneous diying and degasification of the coal particles 

occur in this upper portion of the melter-gasifier • 

Generation of reducing gas is done in a fluidized bed, by par

tial oxidation of coal. First of all the carbon is oxidized to 

co
2

. Then, the co
2 

reacts with free carbon to form co. The 

gas temperature in the fluidized bed is in the range of 1,600 
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to l,700°C. The temperature conditions in the freeboard zone 

above the fluidized bed guarantee production of a quality 

reducing gas which contains somP. 65 - 70 percent carbon 

monoxide, 20 - 25 percent hydrogen, and 2-4 percen~ carbon 

dioxide. The remaining constituents are methane, nitrogen and 

steam • 

After leaving the melter-gasifier, the hot gasifier gas is 

mixed with cooling gas to attain a temperature of approx. 850 

to 900°C. The gas is then cleaned in hot cyclones and fed to · 

the shaft furnace as reducing gas. A small amount of the 

cleaned gas is converted to cooling gas in a gas cooler • 

The fines captured in the hot cyclone are recirculated into the 

gasifier via dust burners • 

The reducing gas is.fed into the reduction furnace through a 

bustle and ascenos through the iron burden according to the 

counterflow principle. The iron ore, ch1rged into the shaft 

furnace through a lock hopper system, descends by gravity . 

Transferring of the direct reduced iron (DRI) from the reduc

tion furnace to the melter-gasifier is carried out by a con

troll~ble transport system which discharges into connected 

downcomers. Metallization of the DRI averages 95 percent, and 

its carbon content is in the range of 3 to 6 percent, depending 

on the raw material used and operating conditions • 

The reduction reaction in the shaft furnace, using gas with ap

prox. 70 percent CO and 25 percent H2 is exot~ermic, leading 
to temperatures in the burden which are above, the reducing gas 

temperature. Because of CO decomposition, car~on forms on the 

-iron and acts as a lubricant, 

formation of Fe 3c takes place 
and cooled in a scrubber, and 

purposes • 

therefore no sticking occurs. The 
' 

as well. The top gas is cleaned 
is then available for export 
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The hot ORI with a temperature of 800 - 900°C is charged con

tinuously to the melter-gasifier, by means of the transport 

system mentioned above. The velocity of fall of the sponge iron 

parti~les is reduced in the fluidized bed, so that conplete re

duction, heating and rnelt'ng occurs. H~t metal and slag drop to 

the bottom of the melter-gasifier. Analogous to blast furnaces 

hot metal and slag are discharged by conventional tapping 

procedures. The hot metal tapping tePperatures can be control

~ed over the ran9e of 1,400 to l,600°C. Gasification and sponge 

iron throughput are controlled so that the energy balance in . 

the fluidized bed remains in equilibrium • 

Tapping is carried out every 2,5 to 3 hours on an average. The 

h ·t metal quantities tapped in the demo~stration plant were up 

to 20 tons per tapping. For a good desulfurization, a slag 

basicity as follows is ai~ed at: 

Cao + MgO ::>1 
Si02 + Al 2o3 

The co
2 

content of the reducing gas coraing out of the gasi

fier is the overall controlling parameter • 

The co
2 

content primarily influences the carbon content of 

the sponge iron and the metallization degree. The proper sponge 

iron carbon content leads to high carbon levels in the· hot me

tal and low FeO content in the slag. This is necessary for a 

good sulfur distribution between s!ag and metal . 

The co
2 

content which should be in the range of 2 - 3 percent 

can be adjusted by a variety of different process conditions • 

.For example it can be reduced through: 
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lower humidity of the coals: 

finer coal fractions: 
reduced amount of ultra fines in the coal: 

reduced h~ight of the fluidized bed: 

reduced system·pressure: 

·-·----·-

use of calcined slag additives (calcination in the shaft): 

The temperature and the silica content of the hot metal can be 

~djusted by different process conditions. An increase can be 

achieved by: 

coarser coal fraction; 

increased height of the fluidized bed: 

higher system pressure; 

lower hot metal production • 

The melter-gasifier may generate some surplus gas depending on 

the coal selected. This surplus gas becomes part of the cooling 

gas stream, and can be either used separately or mixed with the 

top gas from the shaft furnace. When using a high volatile bi

tuminous coal, the resulting gas mixture (export gas) approxi

mates 1,800 Nm3 per tonne of hot metal with a net calorific 
3 

value of approx. ~,000 kJ/Nm • 

The export gas can be used: 

for oxygen generation 

drying of coal 

as heating gas in pel leti zing faci 1 i ties,. foundries, steel 

mills or connected industries 
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for the generation of electrical energy • 

as synthesis gas in chemical industry • 
(production of methanol, ammonia, urea and other chemical 

products) 

According to the composition and quality of the coal, the spe

cific oxygen consumption is approx. 500 - 600 Nm
3
/tonne of 

hot metal. The energy for oxygen production can be covered by 

about one third of the export gas of the COREX plant. The coal 

consumption depends on the coal quality and is about 0.5 - 0.7 

tons Cfix/tonne of hot metal . 

Hot metal production without export gas 

In case the export gas cannot economically be utilized, the top 

gas will be re-converted i~to reducing gas by co 2-Reraoval 

(Fig. 2). One part of the reducing gas from the co 2-Removal 

serves for cooling the generator gas. The greater part being 

reheated in the melter gasifier • 

The advantage of this operation mode is the fact that the coal 

consumption will be reduced to less than 500 kg/t of hot metal 

and the oxygen consumption to less than 3C) Nm
3
/t of hot 

meta 1 . 

Depending on the location of the plant, the co 2 from the 

co
2
-Rcmoval process can be matkted • 
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Basic diagrams of both COREX process routes for hot metal 

production with and without export gas are shown ~n Fig. 3 and 

4. The flow balan~e is based on the U.S. raw materials (Minntac 

pellets and West Virginia coal) • 

For the example with export gas production, coal consumption 

comes to 800 kg/t of ·hot metal; for the example without export 

gas production to 470 kg/t of hot metal, only • 
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CHARACTERISTICS OF COALS FOR THE COREX-PROCESS 

The COREX-process can be operated with nearly all coals, with 

none or a minimum coal preparation • 

Figure 5 shows a selection of coals in the form of a diagram: 

the coals are characterized by their ash and volatile cor~ents • 

Left of the hatching are those coals which can be used almost 

unrestricted. The coals to the right of the hatching (e.9., 

lignite) have to be mixed with coals of higher quality or 

processed in some way. All coals within the hatching are 

theoretically be usable, however, must be confirmed by tests • 

For the COREX-process the most important property of the coal 

is its volatile content, since this determines the gasification 

temperature~ Coals with low volatile conte,t generate a high 

temperature when gasified with oxygen, releasing energy for 

sponge iron melting. Coals.with a high volatile ~ontent such as 

lignite result in a low temperature since the volatile 

hydrocarbons must be cracked before gasificati0n can occur • 

such coals have to be mixed with anthracite, low volatile 

bituminous coal, charcoal, or coke breeze • 

The ash content of the coal is less critical. The mainly acidic 

ashes of the coals can be compensated for by additives in order 

to form basic slags • 

Unprepared coal should have a particle size between 0 - 50 mm • 

The fines content (smaller than l mm) should not be above 

10 percent, the coarse particles (bigger than 35 mm) should not 

exceed 20 percent. Other properties such as ash melting 

-behaviour, swelling index, and Hardgrove index are of little or 

no concern. Coal with a water content of 3 - 8 percent need not 

to be dried; in case the water con~ :nt is higher than 8 percent 

the coal has to be predried with a state of the art coal drying 

facility • 
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oue to its high c-content, petrol coke excellently suits the 

- requirements of the COREX-process. A higher metal content and 

low reactivity ha~e no negative influence. In regards to the 

COREX process route with export gas production, the higher 

sulphur content of so~e of the petrol coke qualities can be 

reduced by blending coals with low sulphur contents • 

For the COREX process route without export gas production, the 

sulphur content decreases sufficiently due to the low petrol 

coke consumption (approx. 430 kg/t of hot metal ) • 
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CH.h.HACTERISTICS OF IRON ORES FOR THE COREX-PROCESS 

As the direct redu·ction section of the COREX-process is 

comparable to other DR shafts or to the upper part of a blast 

furnace, great experience with a wide range of feeding 

materials is available • 

During the various demonstration periods the COREX-plant at 

Kehl has been operated on pellets of direct reduction and blast 

furnace quality, different kinds of lump ore and with sinter • 

some requirements to be considered for selecting ores for the 

COREX-process, are: 

on .the physical side, a uniform grain size, easy reducibili

ty and adequate strength. under reducing conditior.s should be 

given since the~e parameters determine reduction efficiency; 

requirements as to the che~ical properties of the iron ores 

are considerahly lower than in the case of ORI production 

because DRI causes much higher cost in the following step in 

steel shop with the increased amount of acid gangue content, 

that means slag volume • 

... 
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CHARACTERISTICS OF ADDITIVES FOR THE COREX-PROCESS 

Limestone, dolomite and silica sand are used as additives • 

Limestone and dolomite serve for adjusting the basicity based 

on the ore analysis and the ash analysis of the coals used • 

With high Al
2
o

3
-contents in the coal ash it is partly 

necessary to add silica sand in order to decrease the 

Al
2
o

3
-content in the slag: The additives are charged either 

with tne coal or via the reduction shaft, for the reason that 

the calcination is carried out in the reduction shaft • 
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CHARACTERISTICS OF REFRACTORY MATERIALS FOR THE KR-PROCESS 

During the denonstration periods carried out in the last few 

years, a multitude of refractory materials have been tested, 

and it has turned·out that no special p~erequites are needPd in 

the reduction shaft. The usual fire-clay qualities are suffi

cient. In the melting gasifier, there are three areas subjected 

to different stresses: 

the area of the calming cone: 

in this area, fire-clay qualities are used: 

the area of the fluidized bed: 

in this ~rea are high gas te~peratures as well as highly ·re

ducing wear due to the quantity gasified. The temperatures 

range between about 1,500 and l,800°C. After several tests 

had been carried out, even for this purpose stable brick ma

terials were found, which ar~ produced by several well known 

companies: 

the area of the tuyere level: 

here the lining is attacked mainly by liquid slag. For the 

wall as well as fo: the bottom materials can be used which 

have already proved to be successful in the blast furnace . 

' 



• • • • • • • • • • • • • • • • • • • • • • • . -
• • • • • • • • • • • • • • • • • • • • • • • • 

- 14 - __ , ......•..•• -
4370F 

EXPECTED EMISSION AND EFFLUENT REDUCTION 

The COREX-process operation and the blast furnace operation are 

similar in respect to the r~w materials charged and the 

products produced.· ~hey both employ a lock hopper materials 

feed system, enclosed processing, and enclosed off-gas 

cleaning. Consequently it is reasonable tc assume that 

emissions and effluents generated by the COREX-process are 

similar to emissions and effluents from the blas~ furnace. But 

the conventional iron making route is made up of several 

separate processes (coke oven plant, coke oven gas treatment, 

blast furnace) all of which have associated their own air 

emissions and water effluent. The CO~EX-process, on the other 

hand, is a single process with no signifiGant direct air 

emissions, i.e. the by-product gas is utilized as a medium ~TU 
export gas for nearby industrial facilities • 

The effluents from iron making by the COREX-process and from 

the coke oven/blast furnace operation are derived from cleaning 

and cooling of the co-product gases. cyanide is the princjple 

com- ponent produced by reaction within the blast furnace, plus 

fluorines, sulfides, ammonia, organics and trace metals are 

pass-through products from the raw materials feed. In the 

COREX-process cyanide, organic~ and ammonia are to be of much 

less significance because ~f the high temperatures maintained 

in the melter gasifier • 

The coke plant waste water principal pollutants are ammonia, 

thioctanate, toxic organics and sulfide. The COREX-process 

eliminates the need for coke and this eleminates or minimizes 

the pollutants associaten with effluents flom iron making by 

-the coke ~lant/blast furnace route • 

' 
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Todays waste water treatment technology, although it is costly, 

is quite ef iective and it will be possible to meet the latest 

standards with the minimized pollution problems of effluent 

fr~m the COREX-process with economic state of the art water 

treatment • 

The process related emission in principal is carbon mon0xide 

from the blast furnace as well as from the COREX-process and 

may be released by slips and by tapping operations, but 

err.issions by slir.s are unlikely from COREX-process operations.· 

The more ~evere process related emissions are derived from the 

operations at the coke ovens and from the by product plant 

area. The many sources of fugitive emissions of a host of 

potentially toxic pollutants qualifies the coke plant as the 

most serious environmental problem with conventional ironmaking 

which again.can be eliminated or minimized within the CORF.X

process. First studies have indicated that there is a 30 to 40 

percent particulate e~i5sions reduction for the COREX-process 

against the coke plant/blast furnace route. Although this is 

attractive, the principle attraction is the elemination of 

toxic organics and cyanide plus the minimization of fugitive 

emissions that are impractical to collect. The COREX-process is 

an environ~entally very acceptable replacement for ironmaking 

by the conventional technology • 

I 
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OPERATIONAL EXPERIENCE 

Between 1981 and 1986, a total of 9 demonstration periods were 

carried out, during which a wide range of raw materials and 

their combinations were tested. With coal, the entire range 

from lignite to anthracite was tested. Moreover, tests with a 

lignite high-temperature coke were carried out • 

The per for man.ce of the two latest production phases in the 

demonstration plant were executed in October/NoveQber 1984 and 

May/June 1986 • 

Representing the formidable number of trials ~nd tests two 

examples out of all shall give you an overview of the results 

obtained with the COREX-process • 

Demonstration with U.S. raw materials in 1984: 

After the problems caused by the longlasting downtime between 

the last production phase in 19R3 and this production phase 

1984 (little rust flakes occuring in the water systems in the 

first few days) had been solved, it was possible to set very 

stable and - as far as metallurgy is concerned - very good 

values . 

During the 1984 demonstration period west Virginia coal and 

Minntac pellets were used • 

west Virginia coal and the Minntac pellets were processed for 

ten days in the COREX plant in Kehl in West Germany. The 

average hot metal output exceeded 6 t/h. The availability of 

the plant was loo\ during the entire U.S. raw material test 

period. With this test, the constancy of the plant, ~ut not the 

energy optimization, was intended to be emphasized • 
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The figures of hot metal (figure 6) and slag (f~gure 7) compo

sition are attached. A chardcteristic of the COREX process is 

the highly reducing effect in the gasifier, which can be 

inferred from the FeO-contents of slag of 0.6 to 0.7 \on an 

average. These values form an excellent basis for good sulfur 

distribution between slag and hot metal, which were partly 

above 100 . 

When charging about 1,000 kg of coal (with 0.6 \ sulfur} per 

ton of hot metal, mean sulphur contents of 0.02 \ in the hot 

metal must convince even sceptics that the COREX process is a 

true alternative for the blast furnace • 

Demonstration with Braislian raw materials in 1986: 

The objective of the first t!'."i.al of Brasilian ra" materials was 

to prove the possible use of Santa Catarina coal (CMSC} 

together with CVRD blast furnace pellets and CVRD lump ore 

(Conceicao} in the COREX-process. This test was conducted 

between May 11th, and May 20th, 1986. Data taken during the 

test were examined and used to prepare material balances for 

the process. Based on these anal7ses and on observations made 

during the test, the following significant results can be 

reported: 

1. Process operability was quite good during the 10-day-test 

period as evidenced by no process-related outages being 

required • 
2. The process is controllable ~nd responded to control 

adjustment implemented by the operators . 

3. The COREX-process can produce hot metal on the basis of 

Brasilian ores and coals . 

unstable process conditions during the first part of the trial 

were generated by the high conlcnt of fines and the high 

moisture content of the coals. It was first tried to process 

the coals as delivered with medium success but still operable . 

I 
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Then the Brasilian coal was dried and screened to get good 

metallurgical results. This means higher c~rbon-content, better 

desulphurisation ~onditions and lower FeO content in the slag • 

After drying and scteening the Brasilian coal the hot metal 

procuced by the COREX-plant could be compared to iron from a 

blast furnace • 

The following hot metal quality was produced: 

c 
Si 

s 

' 
' 
' 

Tapping teMperature: 

3,7 

1 

about 

1,500 - 1,550 °C. 

4 

1,5 

0,1 

For the above mentioned data it is necessary to take in account 

that CMSC-coal contains about 40 percent volatiles (waf), 20 

percent ash Cwf) and 1,5 percent sulfur • 

The conclusion to be drawn from the entire test period (May 

11th to May 20th) is the fact that the CMSC-coal is processable 

in the COREX-process without any restrictions . 

The CVRD-Pellets 1nd lump-ore did not create any problems. The 

shorttime use of 20 % lump-ore from Concei~ao indicated the 

suitability of this material for the COREX-process . 

Not only the independence of the co~ing coal is the main ad

vantage of the COREX technology, the COREX process offers also 

an ecological benefit . 

~he COREX plant is very compact in comparison to the normal 

blast furnace procedure (figure 8) with the result of a much 

!owe~ investm~nt cost per ton installed capacity of hot metal . 

I 
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INVESTMENT COST, HOT METAL COST 

Hot metal with export gas production 

The attached figure 9 shows the hot metal costs for a 

300,000 tpy modul with various ore prices and gas credits. The 

investment cost for t~is graph were assumed to be 

us-$ 200.00/tpy., 15 years depreciation time and 10 \interest • 

with an ore price of approx. us-$ 30.00/t, a coal price of 

about us-$ 50.00/t and a gas credit of us-* 3.00/GJ a hot metal 

price of us-$ 115.00/t is achievable • 

Hot metal without export gas procuction 

F1 . 10 sho~s the hot metal costs for a 300,000 tpy mocule 

without export gas production based on various iron ore and 

coal prices . 

The investment cost for this variant were assumed to be 

220 us-$/tpy with 15 years depreciation time and 10 % interest • 

Wi~h an ore price of approx. US-$ 30/t and a coal price of 

about 50 us-$/t, a hot metal price of 125 us-$/t is achievable • 

The higher investment cost due to the co2-Removal equipment 

are nearly compensated by lower operating co'st because of low 

coal and oxygen consumption. The investment cost for the oxygen 

plant are reduced because of lower oxygen consumption . 

, 
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SUMMARY 

With the COREX-process, a metallurgically high-~rade hot metal 

is produced in an environmentally beneficial way without u~ing 

coke oven plants, ·on the basis of untreated coals for which 

crushing or storage in an inert atmosph~re can be generally 

waived • 

The advantages of the CORF.X process can be summarized as 

follows: 

independent of coking coals 

independent of coke ovens 

clean coal technology 

generation of clean fuel gas if desired 

lo'N inves.tment cost 

high flexibility 
enables the economical prod~ction of hot metal . 

At present, plants with a hot metal production of 100,000 to 

300,000 tpy can be offered as an alternative to the blast 

furnace production process • 

' 



"---------------------------..... ---·· - ... _ .. 

••••••••••••••••••••••••••••••••••••••••••••••••• 
IRON ORI!/ ADO!TlVES 

0 --x;-

6 

t 

- -

OXYGEN 

- EXPORT GAS 

t 

' I II 5 

LEGEND 

- ' MELTER GASIFIER 

2 REDUCTION SHAFT FURNACE 

3 COAL FEED S\'STEM 

4 HOT OUST CYCLONE 

S COOLING GAS SCRUBBER 

6 TOf' GAS SCRUB BER 

The ft'[i]!ll@'lf process 
BASIC FLOW SHEET !!!.!.!! EXPORT GAS 

asa ._.,.,.,,_. .... 
FIG.1 



•••••••••••••••••••••••••••••••••••••••••••••••• 
IRON ORE /ADDITIVES ----. 

: I ;.....:r 

4 
~ I :s::r 

\ 

- -::-::· .. =====~----i .. ' . 
~·:::::.+-s 
: : ·.: :. 

REDUCING GAS 

-
4 

' 
-

OXYGEN 

CD2 

~s 

~ 

LEGEND: 
I MELTER GASIFIER 

2 REDUCTION SHAFT FURNACE 

l COAL FEED SYSTEM 

4 HOT DUST CYCLONE 

!I C02 • REMOVAL 
6 TOP GAS SCRUBBER 

The !b!ll!ll!Flf process 
BASIC FLOW SHEET without EXPORT GAS 

117/X ,,..,,,,.,.,.,, ........ 
FIG. 2 



•••••••••••••••••••••••••••••••••••••••••••••••••• 

Mlnntac pellets_-.----. 
60.6 t/h 

Oolomlt1 
6.0 

Limestone 
6.0 t/h 

RED. 
SHAFT 

FURNACE 

Sponge Iron 

W. Virginia coal 
31.ll t /h ·--b!DI 

Oxvaen 

MELTER 
GASIFIER 

20,940 Nm3/h 

Hot Metal 
40 t/h 

Tap gcis 

Reducing gcis 

Slag 
12 t/h 

SCRUBBER 
Export qas I 

55,500 1:m3/h 
Temp. 35 •c 
co : 44.2 ·1. 
(02 : 36. 9 ·1. 
H2 : 13.6 •1. 
H2'l : 1.5 •1. 
CH4 : 1.0 •/. 
N2 : 2.0 91. 

410 GJ/h 

KR PROC:::ss DIAGRA~1 
\~!TM EXPORTGAS 

r:7t-T!' 
/;Jj'(.:l [l;S 

,,.,,.,, .. ,.,,_. .... 
. , .: ... 



' 

~ •••••••••••••.••••••••• .! ••••••••••••••••••••••••• 

Minntec pellets 
60.4 t/h ~ 

Dolomite 
3.4 t /h 

Limestone 
6.1 t /h 

'(') 

RED. 
SHAFT k>

FURNACE 

Sponge iron 

W .Virginia coal 
18.6 t /h c 

u 

~ 

Top gas 

~ 

SCRUBBER 

Reducing gas 
Recycle gas 

MELTER ~ I Recycle gas I (Q2 ~ I 

REMOVAL GASIFIER 

Oxygen 
12,275 Nm3/h ti 

Hot metal <)-I L...c> Slag 
40 t/h 9.9 t/h 

u 

C02 

COREX PROCESS DIAGRAM 
WITHOUT EXPORT.GAS &l~yfJ[f·· , 'i,;· 

·•· ' 

KW IJlfJl/tlllil fJHIH 

F!j !I 



• • • • • • • • • • • • • • • • • • • • • • • ·• • • • • • • • • • • • • • • • • • • • • • • • • 

• ;-... 

-"' 
"' tC .. 

60 

40 

~ 30 
a: 
Cl -

20 

10 

z 4 

1 ANTHRACITE 

Z ll&HITE CHAR C!lll 

3 \YEST VIR&Hlll COAL 

4 AUSTRALIAN COAL 

5 Hl&H VDLA TILE BIT. COAL 

& SOUTH AFRICAN COAL 
1 HIGH ASH US COAL 

I IHDIAU COAL 

s u&run 
11 llUSIUAn COAL cr.uc 

11 IKASILIAft COAL CERS-1 

lZ 2/J INDIAN COAL + 1/3 COKE 

0 0 

0 

3 

0 

10 20 30 40 

VOLATILES (DRY ASH FREE IASIS)•/ • 

Classification of coals 
for COREX- the KR process 

9 
0 

50 

·-, _____ ---



• • • • • • • • g 

• • • • • • • • • • • • • • • • ·• • • • • • • • • • • • • • • • • • • • • • • 

lo 
I 

.-
I 8 

u - • 
x 

---.-
• ., • 

I - ! 

.... 
U')r-
~: • • • • 
(/) ..._. r. I I I I I TTTrn-T'"'-T~--9' 0 1-- j ' j ,, , 1 ......... ..--.: . .· ,,,,,,,,,,,,,,,,,, 

~ d • ,,.'''''''''' d d • ,d 

ca "9 
IU~ 

lZ"l 

• -
N -
• 

• 
• 
0 

SJ 
!! 

!! 

• 
• 
0 

2 
D -

D -

• 
D 

~ 
CD 

• ....... 
.....-« 

• 
OJ 

.q-
CD 

• ....... 
....... 

• 
(l") 

• 



• • • • 
~1~ • ~ 

• I 
• -• .. 
~lg -• • I LL 

• ... I 
• a 

i:? • 1il 
• • -Ol., .. 

• ~~r 0 

:~: • CV 
LL • le Ill 

• =1= • • ~"Z ~ 
t:;·a 

• :~: • iz, 
u a • 0 13 

• c·£t(. ~ 
~ 12.,.l .. • a~r CD 

• C} c:!"D • • 
C?~ _.. 

• <( ~~. 
,,_,. 

st• 0 • • _J :; .. in 2 Ol • CJ) st"D ?? 

• G?"' .. P'Ul -• D:J"B • ~ 

• :!~ . 
co 

• • G"EZ o P"'4 

:-. I ..-c • p~ ~ • • ~fl" 
(T) 

• Cl -
s:t•£ .. 

• C"t ,. 
. t.J "2 • 7!'2 

0 

• p - 2 
• • -.. -• CZ'9 

~~ 9''8 • • I SD"t .. • •'l'"l 

~~ I- 0 

• I I § I I 8 -
31~= - .. - - .. • ---,, • • !If a 

~~ • . d d d d o.: -
°' • LLn ,, • • • 0 ~~ ~-

.. 
• Cf) 

• >-t~ .. .. "' u 

• 



••••••••••••••••••••••••••••••••••••••••••••••••• 

~~~T \0 0 0 0 OlcoKE 
' 

r::-------, 
&OKF. .QY._~_9~~ 

r f"KEoVEN --1 
1
1 

BY PRODUCTS I 
, BENlOL, TA.~, I 
' AMMONIA I 
'--- ---·--' 0...J I' 

BLAST FURNACE 

il¥-.~-~ 

BLAST FURNACE 

1 . 

I 
1 

l 
I 

' 
' 
. 

' 

f!~~}J 

IRA¥! COAL) 
I 

REDUCTION 
-t---SHAFT 

FURNACE 

MELTER 
_, __ GASIFIER 

OXYGEN 
PLANT 

COREX the l<R process 

COMPARISON of COREX-STEELMAKING ROUTE 
vs. BLAST FURNACE ROUTE . 

.•.......:?)£;:'' '.·~f1: .• ~ . ~· . ,:.n,_,. 

FIG. 8 



••••••••••••••••••••••••••••••••••••••••••••••••• 
• 

C:'UDIT FOR EXPORT GAS 
USS/OJ (USS/Geel) 

1.014,21 THE DIAGRAM INCLUDES: 
(I AS£ D o n 200 U S S I t i n s t a 11 e d c 1 p 1 c: I t y J 

l~ @'\ 
.I I . I . ' 

'3,0(12,81 

'""'- 4,0( llS,7) 

I · I ORE USS/t 1 PIG IRON USS/t 
I I 4 ; a I u I u u I I t u ;fl f i U I i i i I I I f ' .. I ¥ I ... 

60 !'\O 40 30 20 10 0 40 60 80 100 120 140 160 180 

Capital cost 

o~ygen cost 

Electrical cost 

Man power cost 

Maintenance 

COREX PIG IRON COST AS A FUNCTION OF ORF. AND COAL COST 

WITH EXPORT GAS 
(PLANT CAPACITY: 300,000 TPY) 

( 1 0 '~. : 15 y J 

0,04 USS/ Nm:i 

0,04 USS/KWh 

5 O men ; 
20000 USS/y 

4 "~. o f e q u i p -
ment cost 

1$: 20M 

C~fF .................... 
FIG. 9 



••••••••••••••••••••••••••••••••••••••••••••••••• 
ORi: USS/t 

~ 
SO-\ 

\ 

40~ 

30-1.----.. ----

---2-0~1- --
\ 
\ 
l 
v 

\ 101 • • • • . I 

30 50 20 40 60 COAL USS/t 

I I 
I I . o-1-u , , I PoG IRON usS/t 
Q o I I I I -~- I -~- I C» 

THE DIAGRAM INCLUDES: 
l BASED on 220 US$/t installed capacity) 

Capital cost 

Oxygen cost 

Electrical cost 

(10%; 15yl 

0,04 USS/ Nm3 

0,04 USS/KWh 

Man power cost : 50 men; 
ZO 000 USS /y 

Maintenance : 4 % of equip-
ment cost 

1US$•ZDM 

COREX PIG IRON COST AS A FUNCTION OF ORE AND COAL COST 

WITHOUT EXPORT GAS are (PLANT CAPACiTY: 300,000 TP'.') .•. ,"".,,.,_,___ 

FIG.10 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3 

• • • • • • • • • • • 
r:.cr.:r-E/.!vfl.1E/J'l::U..'C 1'.il./'J'If# 

!'-!cusscrSTraBe 11'1 • ~ (0211j 30280 

4000Dus:.(lidorf1 1r• 3582:)61 ked 



• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

ANNEX S 

THE EOF PROCESS: PERf"ORMANCE AND OUTLOOK 



r 
• • • • • • • • • • • • • • • ·• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

THE IDF PROCESS: P.ERFORr·WO: AND oorUXJ{ ( 1 ) 

SlM4ARY 

Ralph Weber \2) 

Henrique Carlos Pf1~ifer (3) 

'lbe EOF ("Energy Optimizing F\lmace") process was developed by the Korf' Group 

at its brazilian Carparilia Siderurgica PAINS plant, with the idea of ultimate 

rationalization of the open hearth furnace. Altho..Jgh preserving the great flexi

bility of the Cll as to the proportion of hot n.etal and sol:!ds in the charge, the 

IDF has cr·::.nati ,-:ally increac;ed product i.vi ty and reduced cost, thanks mainly to 

its therm;·.J. efficie11cy • 

Starting operation at the end of1982, in these three and half years of industrial 

operation the EOF at PAINS becane responsible for 50 % of the -coopany' s produc

tion, ~ich today appro~.::;ies the 3C.OCO ton permonth level. : ~.ght fran the start 

the equipnent presented a high availabil:f ty and the learning c·urve progressed 

very quickly. Productivity, consmiption.s and costs reached highly satisfactory 

indices. Right ·now a. 11\.JTber of inprovements is being introduced, aiming at a 

further increase ir. process flexibility regarding the metallic charge ~nd at e·1er. 

higher efficiency • 

'lbe size range of the MF is between 15 and 100 t, equivalent to 100.00J/650.000 

tpy, Milch is in line w1 th the size of micro and rrini-mills. Major interest for 

the new technology canes fran three areas: snall integrated plants, based on 

charcoal blast furnaces or other non-conventior.al reduction units; plants that 

want to substitute open hearth furnaces Milch are still in operation; scrap-based 

plants Milch want to substitute obsolete arc furnaces or ....tlich are going to be 

installed now. Such a widespread interest range is pr;unoting great attraction 

for the F.OF • 

(1) Technical paper presented to the International Conference of iron and Steel 

Technology in Developing Countries - November 1986. Sao Paulo/Brazil • 

(2) Metallurgical Fngineer. Superintendent of Co. Siderurgica PAINS • 

(3) Mechanical and Metallurgical Engineer. Director of KTS Korf Tecnologia Side

rurgica Ltda • 
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1. DEVF.l.OfNENT OF THE PROCESS 

'lhe EOF ("Energy Optimlz!ng F\Jmace") process was developed by the Korf Group 

at its brazilian Carpanhia Siderurgica PAINS plant, in Divin0polis 1 state of 

Minas Gcrals. 'Ihis plant produces abot.:t 350.CXX> tpy of long products, fran 

charcoal blast furnaces, open hearth furnaces and one EOF unit, contirruous 

casting, rolling mills • 

Deve!.opme:it of the process passed thf'Ol®1 threc\\'Cll defined stages, the first 

of which (1981/82) corresponded to the installation of a pilot plant, with

oot scrap preheater, with a ca;:acity of 22 t, where all ~ basic process 

and equipment parameters were developed. 'lhe second stage (1983/85) related 

to the installation and ccmnercial operation of a 28 t EOF unit, with a SCI'a!> 

preheater specifically designed to su1 t the metallic charge available at 

PAINS. Average charge of this EOFhas been 60" hot metal, 30 % pig iron and 

10 % reb.Jnl steel scrap • 

Once the operation practice under these conditions was consolidated, at the 

end of 1985 the third stage was started, 'Which is still going on, corrprising 

the installation of equipment and systems to attain the follO'trlng aims: 

• increase the capacity of the EOF to 55/60 t 

• allow the scrap preheater to take any kind of scrap, fran lif)lt shredder 

or sheared scrap up to d.mse pieces like skulls 

• deroonstrate the feasibility of op~rating with high proportions ( 40 up to 

100 %) of steel scrap in the charge 

• introduce the slag-free tapping, i.e., retaining the slag fa the t\ur.ace, 

with the resulting quality improvement in steel • 

2. DESCRIPI'ION OF THE PROCESS 

The F.OF process is essentially an oxygen stee~irig ;'lrocess using canbined 

sirte blowing. Oxygen is injected horizonblly through specially designed 

tuyeres into the rool t.en bath, and oxygen is blown into the :furnace abnosphe

re by wate~ooled injectors, as shown in Fig. 1 • 

Oxygen injected underneath the liquid level oxidizes carbon forming CO i..tlich 

accomplishes the task of bath agitation. The resulting intense splashing 
' 
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nul tiplies the steel surface exposed to the olC",;gen injected into the abros

phere, acceleratingcartxn oxidation. The CO thus fonnedbums toCOz in the furna

ce's aboosphere and the generated t-;;:at :ts partly absorbed by the bath, l\he

reas the remainder preheats the scrap, the aver<-g'! tenperature of Wilch~ 

even exceed 8CX> oC at the rocment of dropping, w1 th local peaks of up to 

1.100 oe • 

Two are the modes of charging the IDF, according to the available rretallic 

charge. At the conventional operation at PAINS, ~:here hot metal answers for 

60 % of the charge and steel Is canpletely tapped at the end of the heat, the 

preheated scrap is dropped on the hearth and after·.·.>a.rds the hot metal is 

poured into the furnace. C content of hot retal is e~ to care for the 

heat balance of the heat. Oxygen blow, both sul:xnerged and into aboo~re, 

starts together with the hot metal pooring • 

In the operation with higher proportions of steel scrap the previous heat is 

not entirely tapped, rut rather a liquid rest (''heel") is left in the furna

ce. In this roode operation starts wi. th the injection of coal fines into the 

liquid heel, throu2)l special tuyeres, until a C content of about 3% is attained • 

At this point the preheated scrap is dropped in one or roore batches and the 

blow of oxygen is started, sutxnerged and into aboosphere. Fluxes are added 

as necessary by means of an autanatic weighing and conveying system, ~ich 

leads to the charging hole in the roof • 

Oxygen injection inmediately launches the refining reactions, at first oxidi

zlng silicon, phosphorus and manganese, and later on carbon. The generated 

heat c.cc0\.D1ts for the rrel ting of the charged scrap and the gradual ~rat;ure 

increase of the bath, Wiereas the CO generated by submerged injection prnc>

tes intense agitaticr., nultiplying the molten metallic surface exposed to 

~.~ ie action of the oxygen fran the fumace a1:Joosphere • 

Slag beccrnes foaming and "grows"; opening of the dolani te dam at the slag 

door allows 1 t to flow to the slag pit • 

Canbustion of the CO and sane Hz available in tne furnace atmo3phere with the 

injected oxyien, either pure or in the formofpreheatect air, generates heat, 
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partially absorbed by the bath, by convection and radiation, and for the rest 

addressed topreheat the scrap • 

The rate of oxygen injection determines the \..,._-:>le reaction kinetics, inclu

ding the l:itensi ty of the carh.lstia.1 reaction of the CO to CO, and, therefore, 

the remaining CO content in the of:fgas. This CO content is related to the 

CO, dissociation mechanisn at hip)l tenperatures, to the total fiCM o:f 0, ane 
to the latter's distribution in the furnaces' abnosphere • 

Since the flows o:foxygen, ·both subrerged and into the aboosphere, are control

led prorrptly and w1 th accuracy, their control all CMS to opcratt. the IDF in a 

precise and predictable way, easily allowing acontrol by processor. Starting 

w1 th the inflCM analysis dlld terrpcratures and \ ·th one or two lnterncdlate 

carbon and tenperature takings it ls possible to detennine In advance the 

develqxnent of the carbon/terrperature curve lll1til tapping. Carbon injection 

or ferro-silicon addition, to increase teflllerature, or additions of scrap or 

iron ore,. to lower it, safely allow to make all necessary corrections • 

The hot gases leave the furnace through the central hole in the roof and 

proceed to the scrap preheater (Fig. 1), with water cooled elerrents and par

tial refractory lining, in this case divided into three sections. ~.axinun 

entering temperature into lower section ls up to 1.300 oe, whereas the mean 

temperature upon leaving the upper section is 400 CC. Quant! ty, si?...e, nature 

and distrlbution o:f scrap have a bearing on heat transfer efficiency. Mecha

n1cal reasons limit the maxinun lenght (abt. 1,2 m) and weie)lt (400 kg) for 

the individual pieces. As an average, the scrap preheating temperature has 

been around 800 oe • 

Sunning up, the F.OF owes its thermal efficiency to the optimized use of enel'

gy derived fran the following three sources: 

1 • Chemical energy released in the bath and on its greatly extended surface 

by the reactions between the oxygen, injected in the bath and into the 

atmosphere, and the oxidizable elements, including added carbon • 

ii . Chemical energy derived fran the ga..c;e".ltJS oxidation reactions in the fur-· 

nace atmosphere, envol ving CO and Ht set free fran the bath • 
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111. Sensible heat transferred by the hot gases fran the :f\.an2ce to the cold 

scrap charged into the prehealer • 

For further details see (1) and (2) • 

3. 'lHE EOF ~T 

'1he main features of the EOF equipment are as follows: 

• Circular and carpact 5hape of the furnace, in order to keep heat losses to 

a minim.Jn • 

• Fixed, non-tilting design, allowing for the max:inun use of water cooled 

panels in the furnace shell above the rol ten bath, w1 th consequent reduc

tion in refractory consmption • 

• Water cooled roof • 

• Oxy-fuel burners in the shell above the bath for use as an auxiliary energy 

source for heating upon start-up and during down-times • 

• Submerged K.O.R.F. tuyeres installed in the furnace shell below the roolten 

bath for injecting oxygen. The three concentric pipe design allows :for ~ 

ti.nun cooling of the protruding end of the tuyeres, allowing to attain wear 

indices lower than 3 mn per heat, also as a result of a careful selection 

of refractory block • 

• Oxygen and preheated air injectors installed in the t'...unace walls, allow

ing adjustment of the angle of incidence • 

• Special tuyeres for the injection of coal fines and lime into the liquid 

heel, before dropping the preheated scrap • 

• Canputer controlled oxygen flow, both submerged and into the atmosphere • 

• Specially designed scrap bucket, to allow quick charging of the furnace, 

with no dust emissions and low noise level • 

• The removable bottom allows a quick relining of tlle :f\1mace between succes

sive carrpaigns, just by exchanging the bc,ttom, ....tiich takes no roore t.han 12 
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halrs between the last previous heat and the first one of the new canpaign • 

• The blc:rwers installed downstream the gas cleaning plant and ~+iat over

dimensioned, allow a precise pressure control of ± 2 nm of water colum 

inside the furnace, bycoomanding their valve frc:rn inside the control rocm • 

4·. CPERATIOOAL RESULTS OF THE IDF 

Figures 2 to 7 present sane of the operational results obtained in the IDF 

at PAINS over the last three andhalf years. The :figures showin an expressive 

way the result of the learning curve and the effect of sane i.nprovements 

made, aroong 1rilich b«> deserve to be rrentioned: 

• Introduction of the water-cooled roof, a~ the end of 1983 • 

• Introduction of the reroovable bottcm, supported by the bottcm car and allcw

ing the quick exchange of this part of the furnace, in August 1984. As a 

consequence, idle time between canpaigns was inmediately reduced to 48 

hQ.irs, now being in the range of 24 hQ.irs • 

In this ~le period nothing was changed regard1ng the basic equipment, M11ch 

has proven to be efficient and reliable • 

Especially the scrap preheater (Fig. 8), conceived in 1982 for the use of 

dense scrap and pig iron, at a time when no l'v·~~rier.ce existed in regard to 

scrap preheating with high temperature gases, operated with full success and 

high availability • 

Observation of the graphs also shows t:\r.'o inportant achievements, namely the 

increase in nunber of heats per canpaign up to 350 level (record: 406, in 

carrpaign nr. 50); and the decrease of tap-t<>-tap to the level of 71 minutes, 

'Which still tends do decrease in the near future • 

It should be erJl)hasized that all ongoing tests and inprovements are being 

perfonned on a production mi t, since the PAINS F.OF is re&-ponsible for about 

50" of the CorJt>any's steel output. In the conflicts of interest between 

testing and producing, priority has consistently been given to steel produc

tioo, which explains the slower evolution of some· irrprovements as well as 

the operational safety shown by the equiprrent • 

, 
• 
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The results presented in Figures 2 to 7 shcM vnly part of the operational 

evaluation of the EDF. Sane other indices are worth rrentioning: 

. Refractory consurption: fn:m a total of 27 kg/t at start-up the refractory 

consuq>tion has already shrnnk to 12 kg/tin the lastcanpaigns O'lly 6,5 kg/t 

correspald to formed pieces, whereas the balance is :fettling rr.aterials • 

Present inprovenents will further reduce brick consurption to about 4 kg/t 

in the a ~ar future • 

• Oil consurption: 'lhis index, which started at 23 liters per ton, was reduced 

to the level of 10 liters per ton. It is expected to reach 6 liters per ton 

at the operation roode with a liquid heel . 

• PI'Oductivity: Productivity is caning close to25 t/h with all the difficul

ties inherent to the operation of a melt shop which da.Jbled production 

with the same infra-structure as before, spP.cially in regard to cranes • 

All the results above :find their quantitative expression in the production 

cost of the IDFwhich, incarparison to the open-hearth operating with K.O.R.F • 

subrrerged blowing, p=esents a saving of US$ 15,00 per ton of tapped steel, 

for the same charge canposi tion. The cost advantage over a conventionally 

operating open-hearth is in the range of US$ 30,00 per ton • 

5. TRIALS WITH PROPOR'l'IOOS OF STEEL SCRAP 

In March 1986 sane trial heats were made with 60 % hot metal and 40 % steel 

scrap, still with the original scrap preheater. The ll.m -.~ toreduce the 

availability of chemical heat and to demonstrate the energetic efficiency of 

the F.OF, thanks to the high CO afterbuming rate • 

Table I presents the results obtained, in carparison to the average data of 

carrpaign nr. 48, of February/March 86 • 

As can be seen, the results were excellent, since metallic yield experienced 

a substancial increase, blowing time was reduced and the addition of energy 

was limited to sane kilograms of coke breeze, whereas the remaining parameters 

practically did not change • 

-. . 
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358 5 
tbrilcr of Consecutive Heats (Cart>a!fl! nr. 48) (trial) 

Charge Coop>si tion: kg " kg " --
Hot metal 703,0 63,0 641,7 59,9 

Pig iron 317,1 28,4 

Steel scrap 95,6 8,6 428,8 40,1 

Total 1.115,7 100,0 1.070,6 100,0 

Metallic y.ield " 89,5 93,4 

Oil kg/t 15,2 15,7 

Coke in charge kg/t 4,9 8,5 

Oxygen kg/t 72,7 77,8 

COz (cooling) lh1 /t I 9,1 8,0 

Lime kg/t I 53,6 52,2 

Total tap-to-tap min 73,1 I<•> 73,5 

Bl<Ming time mir. 49,7 I 46,7 I 
Average 'WeieJlt of heat t 28,2 I 29,6 I 
Average productivity t/h 23,15 1<·> 24,16 

( • i One of the heats experienced a delay due to hanging of the scrap, -...hich 

included pieces of excess leng)lt. This delay has been eT.cluded • 

TABIE I: EOF - Cooparison of Performance for 

Different Carpositions of the Charge 

'!he new scrap preheater -...hich has just been installed (see belC111t) is expected 

to deliver heats with 50 % hot metal and 50 " steel scrap without further 

additions of coke orcoal and with no need of carbon injection t:h.rQ.Jgh tuyeres • 

Trial runs are being scheduled and scrap is being bo.JgJ'lt for a carrpaign of 

20 successive heats • 

'!he proportion of scrap may becane even hif)ler in tJie case of F.OF furnaces 

of bigger si:r.e, with lower specific heat losses, operating with hot metal of 

hif)ler tenperature and higher silicon content • 
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6. CXJl'UXJ( I: Il-iPROVD-nn'S OF 'I'l£ B>F 

C. s. PAINS, Milch still gets half of its total production f'ran open heartll 

furnaces equipped with K.O.R.F. Slbrerged injectioo, h~ the uboost interest 

in expanding the capacity of the already installed mF. Both the cost advan

tages of the B>F as well as the environnental problems of the 00 furnaces 

exert pressure in this directioo. klother i:uq>ose is tc. create the caxl1 tialS 

to operate the IDF with SO% hot metal, q> tolS % pig iron and 35 % at least 

of conventional steel scrap, thJs allodng for max1nun flexibility in charge 

consUJPtioo. Such is also the interest of any other potencial user of the mF • 

Reaching of these goals will be obtained by installatioo of the following 

equipnent, described below: 

• New scrap preheater 

• New 60 t furnace bottan 

• Double ladle car 

• Coal injectioo system 

• Slag :free tapping system • 

The New Scrap Preheater 

Based on the experience gained over three years cperation with the origiml 

downflowpreheater, anewnulti-stage up flow scrap preheater has been designed, 

placed directly oo top of the furnace, with the following features: 

• Flexibility regarding kind and size of scrap, operating with light scrap 

(O, 7 t/m') up to pig iron and accepting individual pieces of up to 400 kg 

weight • 

• Flexibility as to the total charge (fran 12 to 30 t) 

• Optimizing of sensible heat transfer fran gases to the scrap • 

The new scrap preheater for PAINS was built with three stages, with a max1nun 

capacity of 30 t. Each stage is cc.u~d of a set of ~t.e~led horizontal 

, retractable bars ("fingers") , hydraulically withdrawn when dropping the scrap, 

, with a roovement carparable to that of opening a scrap bucket. Thus, the scrap 

, is dropped in frursuccessive steps, fran the scrap bucket down to the hearth 

of the F.OF • 
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The exhaust system keeps the scrap prehcater at a negative pressure. and the 

gases enter the lc.Mest stage at aboot 1200/13CX> ct. leaving the upper stage 

at betw_een 3CX> to 500 ac. Fran there they are condlcted to the gas cleaning 

plant, after passing t.hrrugJl a re~rative air prehcater. '.lhe new unit was 

installed at PAINS' IDF. replacir.g the original preheater, 1n a12 da,ys period 

and :following a carefully p!" pared schedule, \\hich even included sane struc

tural changes oC the builc~ng. 'lhe :first heat with the new preheater was 

tapped on Ma_y 7, and already 4 c:anpatgns have siree been coopleted, lDltil 

the begirTiing of August • 

The operational indices have not shown any significant alteration during the 

first three canpaigns a:fter the exchange, al tha.Jgll this was the learning pe

riod and the tL-ne for sorting out all the mechanical, hydraulic and operational 

tra.i>les ot: a new equlpnent. In the :fa.irth canpaign. however. signi:ficantly 

lower bl<Ming and tap-to-tap times were obtained, with a reductim of aboot 

8" over the previous average and yielding a corresponding increase in pr~ 

ductivity~ Once the maturity o:f the eqtnpnent has such been attained, new 

trials are being scheduled, with higher scrap proportions • 

60 t F\Jmace Bottan 

Installation ot: a new furnace bottan is being prepared atPAINS, with holding 

capacity ot: 60 t ot: molten steel and two tap holes - a conventional one at 

the 30 t level and another one on the hearth. 'Ihis new bottan is dimensioned 

so as to f'it on the existing bottan car, preserving all external dimensions • 

It will allow the t\Jmace to work either with an increased capacity or wlth 

100 % solid charge, maintaining a liquid level and tapping only 30 t per 

heat. For this purpose 1 twill be equipped with special coal injection t\zy'eres, 

besides the oxygen tuyeres • 

Double Ladle Car 

In order to allow the tapping or 60 t into two ladles of' 30 t each - ..mich 

corresponds to maxinun crane capacity - a new ladle car will be installed 

together with the new bottan • 

. 
: . 
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Coal Injection System 

A series of tests has been performed in the existing EOF vessel. aiming at 

the subnerged intro<bction of coal :fines. mixed with lime and additives • 

Different ~ere sizes and desi~ have been enployed a:ld up to 2.CXX> kg of 

coal have been injected per heat. in a flow ranging :fron 20 to 60 kg/min • 

'lhe experience gathered is allowing to dimmsicn the c0al transport system 

and to inprove cooling of the new b..\Yeres. to be installed together with the 

new bottan • 

Slag Free Tapping System 

A new tapping system is being developed and tested, based upon vacuun sf.Jilo

ning and aiming at the following goals: 

• Parcial tapping of the furnace. leaving a liquid heel 

• Leaving the slag in the :f\Jmace upon tapping 

• Minimize the exposure of steel to the aboosi:llere • 

Trials are being made in ladles meanwhile a new and adequately sized vacutJD 

system (i:urp and tanks) is being expected in order to resune the tests in the 

furnace itself • 

7. ot1l'LOOK II: WID IS INI'ERFSTFD IN THE F.OF 

Developnent of the EOF responds to the idea of ultimate rationalization of 

the open hearth furnace, the flexibility of which in regard to the hot ll'l(::tal/ 

scrap proportion was fully preserved, butwhose productivity was dramatically 

increased, at a sinultaneous &nd intenc;e cost reduction. Such results are 

due to the following i terns: 

• Submerged oxygen injectioo 

. • Increased utilization of oxygen in the aboosphere 

• Extensive use of water cooled panels on walls and roof 

• Alroost instantaneous charging of scrap 

• Scrap preheating w1 th the process gases • 

Contrary to the open hearth, however, \oklere the energy deficit is covered 
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with hydrocarbons, the EX>r allows the use of roc>re ecal01J.c coal. ulmersioned 

in its flrst versloo !'or JO t (PA.INS), cmplete eng:;..leCring has already been 

accooplished for the 30 and eo t sizes (200.CXX> resp. SCX>.CXX> tpy), for pro

jects 1n the U. States, India and furope. For the time being there is no in

tenlioo of developing tnits bigger than 100 t, corresponding to t.50.CXX> tpy • 

The snallest.3be is arould 15 t, <quivalent to 100.CXX> tpy • 

It is apparent that the EX>F is especially sui~ :for m1n1 and micro-mills, 

with or without availability of hot metal, and is of particular interest :for 

three market se~ts: 

( 1 ) Small plants based el ther oo charcoal blast fun.aces - lllhi.ch at present 

show a great poten ial in Brazil - or m other nc.n-<:onventional redue

tioo tnits (KR/COREX, Plasnanelt/Ccxrbimelt etc) are finding 1n the EX>F 

the ideal refining process (3), fron the point of view of investment, 

efficiency and productioo cost • 

In the case of hiftl percentages of ?lot metal the EX>F ma_y operate with 

preheated air, saving an inportant part of the oxygen and dispensing 

with the scrap preheater, 1Nhich in this case givesWC\Y to the traditional 

regenerators. Figure 10 sh<Ms an exarrple fort.he le\Yrut of such a plant, 

with a capacity of 120.CXX> tpyof rolled products. Installatioo of such 

a plant, cooplete w1 th ir frastructure and utilities, demands a total 

investment of abrut US$ 425,00 per too of yearly capacity, 50" of 

1Nhich con-espond to the rolling mill • 

(ii) Replaceroont of the open hearth furnaces in plants which have their own 

hot metal, operating with a charge cooposed of hot metal and scrap, 

constitutes another field for the EX>F. Thi:l is the case of countries 

fran Eastern Europe, sane countries fran the Eltropear. OFO>, fran the In.Uan 

Subcontinent and fran LatinAmerica • 

In Fig. 11 an exarple is given for the integration of an EOF into an 

existing CJf melt shop • 

(111} The substitutioo of old arc furnaces or the installatioo of new plants 

based on scrap also present a great potential. In this case, the F.OF 
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introduces Itself as m alternative for the electric arc furnace, with 

lllhich it will catpete in the analysis of investment and productioo cost • 

In the final analysis this will be a caipetiticn bet:ween ~energy 

sairces: coal and oxygen, as against electric energy and electrodes • 

Fig. 12 shows the great advantage of the FDF against the arc furnace 

in regard to procb::ticn cost, an advantage Viich grows with the price 

oC electric energy • 

As to the 1nvestm?nt11 the :following f'igures are representative: 

IDF: U3$ 41,00 per tm of yearly capacity 

F.AF: U3$ 68,00 per tcr of yearly capacity • 

carprising Cor both cases the equi(Jnellt, civils. erecticn. site mana

gerrent and licence fee • 

Thanks to this wide ~trun of interests "1.ich the IDF is able to attract • 

the appeal of the new technology has been very intense, as evidenced by the 

rurber of consultatioos and of visitors to the !ndustrial. plant • 

(1) Bonestell, J.E. and Weber. R.: "EOF (Energy Optimizing F\lmace) Steelma

king". Iron and Steel Engineer, Oct. 1985. pages 16 to 22 • 

(2) Weber, R. and Rollinger, B.: "'11u-eeYearsofEOFOperationat'l'he CaJt>amia 

Sidenlrgtca PAINS". U'i Ecooanic Cannission forfurope - Seminar in Izmir/ 

'l\.ui<ey, I.fay 5 - 9, 1966 • 

(3) Kort, Dr. W.: "Development of New Technologies.:forMini-Plant~:•, the Ins

titute of Metals - Conference ''Restructuring Steel Plants :for the Nine

tees". Ma.Y, 14 - 16, 1986 • 
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l - SCRAP CH&RSl•e 

I - COLD SCRAP 

S - SClt&P PltEREAT£1t 

4 - PR£H£&T£D SCltAP 

S - HOT &Ill 11A91 

& - OXY FUEL au1t•Eal 

1 - Oz SUBllERe£D TUT£R£S 

a - COAL IN.llECTIO• 

9 - CON BUSTION Allt (COLD) 

10 - RECUPER&TOR 

II - co11ausT•ON &tit ( Plt£HEAT£Dl 

11 - WATER COOLED EL£11EllTS 

l:S - ADDITIONAL OXT•£• 

14- f'UltN&C£ BOTTOM 

-

Fiaure 1 - EOF ( Enern Optimizing Furnace) 

Scheme 
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Figure 8- EOF with orioinal Scrap preheater 
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Figure 12: Operational cost of EOF and Elechic Arc Furnace(EAF)as 

function of electric energy price 
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ANNEX 6 

PRELIMINARY PROE'OSAL FOR A 1-:JNI STEEL PLA.V'l' 
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1. Introduction 

K'l'S - K~rf Tccnologi:i Sidc1urgica Ltda. has prepared the Prclimifl3IY 

Propcsal f'~r a Mini Steel Plant to be in-;tallcd f'or f!Mt~·"'i=Zl 

'Ille Mini Steel Plant will consist of three main units: 

- A Hot Blast Cupola F\Jrnaee :f.'.>r the hot rretal production fran steel 

scrap • 

- An EOF - Energy Optimizing F\Jm.'"lCe - melt shop f'or the l:iquid steel 

production fran hot 11.etal • 

- }. Continuous Casting Machine for billet casting • 

'Ille production program of billets is divided in three stages: 

1st stage - 50.CXX> tpy 

2nd stage - 100.<XX> tpy 

3rd stage - 150.CXX> tpy 

Due to the l<.?Ck of roore information about the chemical co.iposition of 

raw m~tcrials, available of water and electric cn~rgy, topograp!'lyc 

details and so on, so.-ne as!Amptions had to be JMde in order to C:"omplish 

the preliminary study • 

By this way, a "nonn;>..111 chemical c001p0sition for steel scrap, coke, lime

stone and liquid steel have been cissumcd, for the calculations of the 

matcrilas balance and others • 

It was also asstrned, that there are no water supply p1'0blcms and that 

the infra-cstruclure for energy supply and water treatment would _have 

to be inGt:il led • 

F'.arth moving, special foundations and similar are not includeci in Ule 

buc1eet • 
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B. PRODOCTION PROORAM 

Materials and P1ogram 

Flow diagrams :for ~.st, 2nd and 3rd st3ges 
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TOT AL SCRAP 
56 e5et/r 

.-~~~~A~~~~~ 

MA'l'tlUAIS AND PROCX.X:TS 

Flow Diagram - 1st Stage 

I SCRAP SCRAP\ 
3833 ,,, 53025 ,,, 

LIMESTONE 
630 t/r 

COKE 
4725 ,,, 

L 
CUPOLA BLAST (CAPACITY PRODUCTION 91'l°lo) 

SCRAP 
5.833 ,,, 

FURNACE 10 I/hr . 

HOT METAL 

I 

! 
GOOD PR00UCT 

52.500t/'J 

EOF - MELT SHOP 

LIQUID STEEL 
52.5001/J 

RETURN SC . ..:...:R.;_::.AP:...----1' l I 
1.300 ,,, 

GOOD PRODUCT 
51.000 t/y (97%) 

. . ~C. MACHINE 

__ RET_LIRN SC'!_A_P ___ _J ......-----
700 t /y ( ,.1,4%) 

BILLETS (98 % ) 
50.000 t/y 

SLAG 

1312 t/J 

LOSSES ~ 

200 '"' 

LOSSES(0,6%).___,. 
300 ,,, 

04 
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TOTAL SCRAP 
113 716 t/r 

MATERIALS AND PRODOCTS 

Flow Diagran - 2nd Stage 

,.-.~~·---~ 
I SCRAP SCRAP LIMESTONE COKE 

9453 1/r 7627 t/r 106oe9 1/1 1260 t/r 
I 

STEEL SCRAP 

11.627 t/y(.r10%) 

89% OF NOMINAL CAPACITY CUPOLA BLAST 
FURNACE 20 t /hr . 

HOT METAL 

1 L--____ S:....;;L_AG ·-· --Iii' 
2626 ,,, 

GOOD PRODUCT 
105.039 t/y (90%, 

EOF - MELT SHOP 

LIQUID STF.:a 

RETURN SCRA_P ___ ~r
5

•
0

1°
0 ·t_· __ ~SSES ~ 

2.600 ,,, 400 ,,, 

GOOD PRODUCT 
102.000 ,,, 

C.C. MACHINE 

RETUR!!~<"f!AP L~·-t%) 
1400 t/y 

, 

DILi ETS (98 %) 
100.000 ,,, 

--- ~OSSES (0,6.4Y.o_1-+ 
600 ,,, 

OS 
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MATF.RI.AI.S AND PRODOCTS 

Flow Diagram - 3r'd Stage 

TOTAL SCRAP 
170167 ,,, 

----~--~---~--
SCRAP LIMESTONE COKE ,SCRAP 

52 340 ,,, 11?'8271/J 14001/t 105001/t 

SCRAP + PIG IRON 

58.3401/1(33%) 

CUPOLA BLAST 
FURNACE 20 t /hr • 

HOT METAL 

l 
GOOD Pf\•A>UCT 
ns.Gso t/y(67°1o) 

---

EOF-MELT SHOP 

LI OUID STEEL 
1s1.5oot/r 

SLAG· 

2917 ,,, 

ic:--S_CR_A_P~-~----~__J l' L~~::......:~~a:i--~~-L_O_S_S_ES _ _., 
3. 900 ,,., .· '<;) . 600_ "' ,... 

SCRAP (1,4%) ----
2.IOO t/y 

, 

GOOD PRODUCT 
153.000t/J 

C.C. MACHINE 

BILLETS . 
150. OOOt/h 

LOSSES (0,6 °lo) • 900 ,,, 
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ANNEX 7 

A BRIEF sur.:~ARY OF 'iHE Rr:DUCING GAS GENERATION 
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COMPARATIVE EVALUArION OF NEWLY DEVELOPED 
"ECHNOLOGIES fOR APPLICATION IN MINI STEEL PLANTS 

ANNEX 7 - A Brief Summary of the Reducing Gas Generation 
Schemes (2 - Section 3) . 

Reformed Na•ural Gas - R~duclny gas, which Is rlc~ In car
bon monoxide and hydrogen, Is produced by reforming natu
ral gas feedstock, which Is prlma:r'lly 1i1ethane, In ca
lalysl-fllled reformer lubes. The carbon monoxide and 
hydrogen are generated In the methane s~eam reforming pro
cesses according lo lhe reaction; 

CH~ + H~O = CO + 3H~ (14) 
High steam/carbon ratios were once required to prevent 
carbon formation In the reformer lubes, and catalyst dete
rloralon. The resultant reducing ga~ then had lo be cooled 
to condense excess water vapor, ~nd then reheated In a se
cond step before lhe reducing gas could be used to reduce 
Iron oxide. However, modern catalysts now permit operation 
with steam/carbon ratios approaching the stoichiometric 
ratio, thus producing a m!xed gas of carbon monoxide and 
hydrogen oi 95 per cent purity (wet basis). As produced, 
the gas contains hydrogen and carbon monoxide In a rallo 
of about 3.'.3 to 1.0. Th1Js, energy saving Is aGhleved by 
lower steam usage and cl~mlnat.lon of reheating of the 'fe
duclng gas. This near-stoichiometric operation Is someti
mes referred to as "one-step reforming" . 
In the natural gas-based reducing processes that recylc 
pat·t of the •·educer-react.or off-gas t.tn·ough the reformer, 
(for example ~~e Mldrex process) carbon monoxide and 
hydrogen are generated according lo the following reac
t.10ns 

CH4 + co~ = 2CO + 2H~ (15) 
CH4 + H~O = CO + 3H~ (16) 

Carbon dioxide and water vapor are also present In the re
formed off-gas as products of these reduction reactions . 
fhe reforming of natural gas with reducer-reactor off-gas 
produces a gas containing hydrogen and carbon monoxide In 
a ratio of about 1.5-1.6 to 1.0 . 
This ratio can be varied by controlling the amount of wa
ler vapor In the feedstock. 
The conversion efficiency of reformers Is very high as 
rneasured by the approach lo equilibrium cf the gas~ous 
p'foducls. In that regard, the methane b·,.eak-lhrough Is 
tou~hly 0.5 lo 1.5 per cent for ref\ctlons (14) to (16) 6t 
conditions ~entloned above. Methane break-throug~l lncrea· 
.ses w I th pressure but decrea.ses w I th I ncreas Ing tempera tu
r e a n d I n c re a s I n g s t c fl rn I c a r b on r a l I o . 
The efficiency of conversion In a refcnner Is contlr1gent 
on the use of a sulphur-free feedstock to prevent polso-
11l~g and rapid deactivation of the catalyst. for that rea
son, reformers employ sulphur guards such as activated 
carbon absorbent . 

• 
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ln lhe M!drex reformer, the t·educer-t·eactor off-gas used 
In refon1l119 ,.\ay acquire sulph•u f·rorn lhe h·on oxide feed. 
This sulp~ur may be removed by first using the gas to cool 
lhe ORI producl which absorbs the lrace amount of sulphur 
Involved. Because of high purity fuel and additional pre
cautions for sulphur, UR processes employing reformers 
produce a very low sulphur product . 
Regarding lhe reformer energy balance, reatlons (14) to 
(16) arc endothermic and take place at elevated temperalu
re, 850 to 1000°c (1550 to 1850°F). The required 
energy Is supplied by recuperation from lhe flue gas In a 
convection section of the reformer and by radiant burners 
which heat the outside of the catalyst-filled tubes. for 
one-step steam reforming, the methane Is proportioned, 
about 40 per cent for fuel and 60 per cent for process 
gas. However, the OR reducer-reactor off-gas which con
tains combustible carbon monoxide and hydrogen gases may 
sub~tltute for a portion of the total amount of the fuel 
required. · 
Partial Oxidation for Gasification of Hydrocarbons - The 
partial oxidation of fuels, especially coal o·r oil, Is ef
fected In gasifiers by reaction with a gas containing a 
high percentage of oxygen; 

CnHM + n/2 o~ = n co + m/2 H~ (17) 
Compared lo the reformer reactions, partial oxidation pro
duces less gas per unit of hydrocarbon. for example, a 
unit of methane gives four units of gas In reaction (14) 
compared lo three units of gas In reaction (17). Neverthe
less, while additional fuel Is needed to Justaln the re
former reactions (14) to (16), reaction (17) of the gasl
f ler Is exothermic. furthermore, some excess oxygen Is re
aulred to soot formation. The resulting formation of car
bon dioxide and steam provides even more energy to the 
sys tern. 
The l\lgh energy level of partial combustion processes al
lows tt.e use of steam or recyled off-gas from the redu
cer-reactor to replace a part of the gaseous oxygen to In
crease gas product. Ion, and to rnoder·at.e lhe temperature ot 
the gas produced. The gas may be enriched by (1) pass In~ 
It th"fough a bed of hot coke or by (2) m Ix Ing It w Ith pro
cessed tlch gas fforn the reducer-reactor. ln the latlel 
case, Installed equ I prnent Is used to condense rno I sture anc 
remove CO~ from the reducer-reactor off-gas. Because 01 
the smaller amount of hydrogen derived from st.cam, part.la: 
oxldat.lon processes produce a gas with a lower hydrogen le 
carbon monoxide rat.lo t.han steam reforming of natural gas 
Furthernore, the process employs fuels of higher rnolecula1 
weight cont.alnlng more carbon than methane. Example rat.lo: 
of hydrogen lo carbon monoxide In part.lal-oxldat.lon gasel· 
f ler gas vary from about 0.4 to 1.2 In fuels ranging fro1 
bituminous coal to light oil. 
The various gaselflets employ alternfl.llve concepls cornprl· 
sing entrained beds, fluidized beds, packed beds, part.la 
combustion burners and electric plasma . 
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Various cquipwent members are protected by a waler cooling 
system which Is lncorporRted lnlo lhe steam plant lo reco
ver· I.he ~ner·gy. The un I ts 111ay p·roduce a ll qu Id slag ot· a 
dry ash dusl \-Jhlch ri!ust be separ·at.cd from the gas cyclo
nes. Limestone may be mixed with sulphur-bearing fuel to 
effect desulphu~lzallon In lhe gasifier. In another method 
of desulphurlzallon, the product gas may be passed through 
a bed of dolomite . 
It. Is desirable to perform t~e gas cleaning steps while 
the gasifier gas ls hot. This saves fuel associated wllh 
reheating the gas and precludes carbon deposit.Ion which 
may occur al Intermediate temperatures In the gas rehea
t.er. In an alternative to gas desulphurlzallon, the ORI 
absorbs the sulphur In the reducer-reactor, and desulphu
r I zat I on Is performed In the subsequent steelmaklng opera
tion (2) . 

• 
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ANNEX 8 - Rotary Kiln Process Oescrlpllon (Z - Secllon 4) . 

The rotary kiln Is a v~r~allle furnace that finds wi
de-spread use In lhe production of ORI. The furnace Is de
s I gned to use hydrocarbon fuels In the I i'on ox I de ~·educ
t I on chausbe•· w I lhoul p•· 1 o•· gas If I cat I on. Al lhough o 11 owt 
natural gas are used, the primary fuel source is coal 
which Is lhe least expensive for• of energy In ruany loca
tions. 
The rotary kiln furna~e Is a revolving horizontal cylinder 
comprising a shell wllh an lnlernal refractory lining . 
Seals al each end join lhe rolallng cylinder lo the sta
tionary equipment for adding materials and discharging 
product from the furn~ce. The furnace Is tilled al an an
gle of 3 lo 4 per cent from the horizontal lcward the dis
charge end. The burden travels through the rotary kiln by 
rotation of the kiln and gravity. Rotary kilns for ORI 
vary In shell diameter from 3.5 to 5.0 metres (11.5 lo 
19.7 feel) and In length SO lo 125 metres (164 lo 410 fe
el) . 
In rotary-kiln processes, coal, flux (If required) and 
Iron oxide are metered Into high end of the Inclined kiln. 
The burden f lrsl passes through a preheating zone where 
coal dcvolallzatlon occurs, flux Is calcined, and the cha
ge Is healed to the operating temperature for reduction.In 
the reduction zone Iron oxide Is reduced by carbon monoxi
de. Reduction by carbon monoxide Is the predominant reac
tion because. al the elevated bed temperature, part of the 
carbom dioxide reacts with the carbon In the coal by the 
8oudo1Jard react. I on. Chem I ca 1 r·eBcl Ions, other than lhose 
cited, occur within the kiln bed but these are beyond the 
scope of this discussion . 
A portion of lhe process heal Is usually provided by a 
burner located al the solids discharge end of the rotary 
kiln. In an coal OR process, pulverized coal may be sup
plied to the burner. fuel oil and natural gas, however, 
are viable alternatives. The burner operates with a defi
ciency of air to maintain a reducing atmosphere In the 
kiln. Additional process heat. Is supplied by combustion of 
the volatile matter of the coal and of the carbon monoxide 
emerging from the kiln bed. Combustion air Is supplied 
through ports spaced along the length of the rotary kiln • 
The air flow Is controlled to Maintain a uniform te~pera
lure profile In the reduction zone and a neutral or 
slightly reducing atmosphere above the bed. The kiln g~s 
flows counlercurrent lo the flow of solids . 
The cornbust Ion of gases transfers ene·,.gy to the bed and 
sustains the preheating, calclnatlon, and reduction of the 
solids. Radiation from the gases and refractory walls I~ 
the most Important mechanism for heal transfer to the bed . 

• 
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However, convection from the gases and from superheated 
r~fractorles as they rotate under the bed augment the heat 
transfer. Because radiant heal transfer predominates, the 
heal transfer Is more efficient In the product end of the 
kiln where the temperature Is higher . 
Preheating of solids al the feed end accounts for a subs
tantial amount of kiln length because of lower temperature 
and lower eff lclency. In that regard the productivity of a 
rotary kiln Is Increased by preheating the Iron oxide feed 
or by underbed Injection of air for combustion of coal 
charged with the Iron oxide feed or fluid hldrocarbons 
that are Injected simultaneously. Rotary kilns ~hat employ 
the concept of underbed Injection of fuel utilize a valved 
manifold system which rotates with the shell. Other met
hods of Increasing energy utilization comprise coal fee
ding mechanisms which Inject part of the coal axially ups
tream al the product end or admit part of the coal through 
devices Installed on the shell. Both of these methods en
sure that most of the volatiles are released In a section 
of the kiln which Is hot enough to sustain Ignition. 
The main components In the flowsheets of these rotary-kiln 
systems are similar, consisting of a solids-feed system, 
the rotary kiln, a product cooler, screens, magnetic sepa
rators, and off-gas cleaners. The basic technology for ro
tary-kl ln reduction emphasizes the Importance of correct 
selection of raw materials . 
The Iron oxide feed (lump ore or pellets) should fulfil 
certain requirements regarding chemical composition, size 
distribution and behavior under reducing conditions In the 
·r·otar·y k 1 ln. fhe feed shou Id have a h I gh I r·on content 
(preferably close to 67 per cent for hematite ores), and 
correspondingly the gangue content should be low, so that 
costs for further processing In the electric furnace are 
kept as low as possible. Sulphur and phosphorus contents 
should also be low. The minimum size of feed ore should be 
controlled also, preferably at about plus Smm. Besides 
being elutrlated from the kiln f lne ore contributes lo 
the operating problem of accrellon build-up (ringing) In 
the kiln. Reduced fines In lhe product also reoxldlze more 
~·apldly. Reductlblllty of lhe ore, a measure of the time 
required to achieve a desired degree of metallization un
der a standard set of conditions, exerts a strong Influen
ce on the throughput capacity of the kiln. The behavior of 
the ore under reducing conditions Is Important, especial!) 
with regard to swelling, which Is experienced In some fe· 
eds, and the subsequent decrepltatlon of such materials Ir 
kiln travel. 
In the selection of coals, Important factors are t·eactl· 
vlty, volatile-matter content, sulphur content, ash con· 
tent, and ash-softening temperature. Conl reactivity I: 
Indicative of the coal's reduction potenclal. With lncrea· 
scd reactivity, the throughput rate of the rotary kiln ca1 
be expected to Increase within certain limits, as lnfluen· 
ced by the complexity of the multiple reactions that tak• 
place . 

• 
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A higher coal reactivity allows the bed to operate at lo
wer temperature which enhances heat transfer. ln coal se
lection fot· Oil pt·ocesses, conslderatJon should be given to 
the fact that the volatlle-roatter content generally In
creases with reactivity. However, this concept has Its 11-
mllatlons, because coals with a high volatile-matter con
tent will generate more gas than can be used In the pro
cess for reduct Ion and fue 1. Therefore, for ovet·a 11 heat 
economy, the recovery of the sensible and chemical heat 
contained In the waste gas would have to be considered. In 
general, a low-sulphur-content coal Is preferred &s It 
prevents sulphur pick-up by the ORI. Dolomitic limestone 
Is used as a scavenger for sulphur, but has the adverse 
effects of Increasing the heat load for calcining the flux 
and of decreasing the throughput rate by occupying kiln 
space that would otherwise be used by the process reac
tants. Since coal ash Is also a non-reaclan~ materlftl that 
takes up kiln space, a coal with low ash content Is desi
rable. A high ash-softening temperature Is also desirable 
to prevent, or at least minimize, the build-up of accre
tions In the kiln . 
The scllds discharged fro~ the rotary kiln are cooled, 
then screened and separated magnetically. ORI fines are 
briquetted and used together with the normalslzed ORI In 
steelmaklng. A carbon char Is separated and recycled to 
the rotary kiln to Increase fuel efficiency. The tailings 
In the product comprise the ash and the lime which con
tains the sulphur . 
fhe hot waste gas from the kiln contains dust and volati
le-matter and must be cleaned. The gas contains consldera
b le sens Ible ard chem I ca 1 energy \·lh I ch can be .,.,~covered 
for credit. However, several f lrst-generatlon coal-based 
OR plants do not recuperate heat. In practice, the heavy 
f Ines are usually settled out In a gravity separation 
chamber that can also serve as an afterburner. fhe waste 
gas Is then cooled and cleaned before being released to 
the atmosphere. Oust from the settling chamber Is trans
ported to a waste disposal area (2) . 

• 
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ANNEX 9 - Klnglor Melor Process Oescrlpllon (2 - Secllon 
4) and Table 7 . 

The Klnglor-Melor process Is based on the concept of pro
ducing Iron conl~nuously by healing a mixture of ore and 
coal In Bh exlernally-f l~~d recl~ngul&r shaft or retort . 
Earlier atlempls lo Implement this concept failed because 
the reduction reactions are highly endothermic and the 
production was severely limited by the slow rate of heal 
flow Into t.he charge thi·o119h t.he -rel.o't·l walls which wel·e 
made of f lrebrlck. Klnglor-Met.or overcomes these llmlla
llons by const;·uctlng the walls of the relot·ls with highly 
conductive silicon carbide and by burning some of the car
bon monoxide generated during reduction with air In a fre
heatlng zone In the upper part of the retort. f lyure 14-17 
shows a schematic flowsheet of the process . 
A pilot plant comprising two reactors was Installed at 
Bullrlo, Italy by Oanlell & Cle., SpA and started opera
tions In 1973. The reactors are essentially vertical 
shafts of conical shape about 11 metres (33 feel) high 
with a top diameter of 0.4 metre (1.3 feet) and bottom 
diameter 0.7 metre (2.3 feet). rhe energy consumption Is 
clal~ed to be about 16 million kilojoules per metric lon 
(13.8 million Btu per ton) of ORI Including tecovery of 
0.5 million kilojoules per metric ton (0.4 million Btu per 
net ton) of ORI from the reactor off-gas. The pllol-planl 
operations demonstrated the process to be simple lo cons
truct, easy to operate, and flexible with respect. lo feed 
and reductant requirements. 
A commercial plant capable of producing 40.000 metric tons 
(44.000 net tons) per year has been Installed by ferrlete 
Arvedl & Cle., SpA In Cremona, Italy. The plant consists 
of two Identical l0.000 metric tons (22.000 net tons) per 
year ffiodules. Each module contains six vertical retorts 13 
metres (43 feet) hlgh,12.5 metres (41 feel) long, and 3 
metres (8.8 feet) wide. At this plant, ore and coal are 
fed continuously Into a slllcon··carblde ·r'~actor that Is 
heated to about. 1.100°C (2.010°f) with natural g&s ra
diant burners. Solid fuel requirements of about ij,5 kilo
joules per metric ton (7.4 million Btu per net ton) of URI 
and gaseous-fuel requirements of about. 7.9 kilojoules per 
metric ton (6.8 million Btu per net ton) are claimed for 
the pr~~ess. A plant has also been Installed In Burma . 

• 
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A~NEX 10- MIOREX Process Description (2 - Section 3). 

MIDREX Process - The MIOREX Process was deve lop.ed by Sll'r·
f8ce Combustion Division of Mldl8nd-Ross Corporation In 
the mld-1960's. The MIOREX Division became a subsidiary of 
Korf Industries In 1974. MIOREX was subsequently acquired 
by Kobe Steel, ltd. In 1963. The f lrst commercial MIOREX 
plant was Installed near Portland, Oregon and started pro
duction In 1969. The plant Included two shaft reduction 
furnaces of 3,4 metre (11 2 feet) Inside diameter and had 
a total capacity of 300.obo metric tons (330.000 net tons) 
per year. The 6verage consumption of this early plant was 
about 15 million kilojoules per metric ton (12,9 Million 
Btu per net ton) of ORI. Many difficult engineering and 
operating problems were solved during the first several 
years of operation of this plant that contributed signifi
cantly to the design, construction and operation of larger 
MIOREX plants throughout the world during the 1970's. 
The MIORfX OR plants comprise the 4.88 metre (16 foot) In
s Ide diameter MIOREX Serles 400 and the 5.5 metre (18 fo
ot-) Inside dlametet· Set·les 600-shaft furnace modules. The 
number of the series originally designated the ORI capa
city In thousands of metric tons per yeat·. However, the 
Serles 600 modules may be Installed at reduced capacity 
with the possibility of uprating as more reformer capacity 
Is added at a later date 
By 1983, more than twenty Mldrex modules were Installed 
having a total capacity of about 9 million metric tons per 
year (9.9 million net tons per year)i however, not all of 
this capacity Is operating. future construct.Ion Is expec·· 
t.ed !n the Middle East, Oceania, and the Soviet Union whe
re supplies of natural gas are available. 
The MIOREX OR flowsheet Is shown on figure 14-2. The main 
components of the process are the OR shaft furnace, the 
gas reformer, and the cooling-gas system. Solid and gas 
flow are monitored so that the process variables can be 
controlled within operating llrnlls. The temperature and 
composition of each gas stream to the shaft furnace are 
conlrolled within specification limits to maintain opllmurn 
bed temperature for reduction, degre~ of metallization, 
carbonization level (fe~c content), and to ensure lhe 
most efficient utilization of the reducing ~as. 
The DR furnace Is a steel vessel with an Internal refrac
tory lining In the reducing zone. The charge solids flow 
continuously Into the top of the furnace through seal 
legs. The reduction furnace ls designed for uniform mass 
movement of the burden by gravity feed 1 through the pre
heat, red1Jct Ion, and cool Ing zones of tne furnace. The co·· 
oled ORI Is contlnuouly discharged through seal legs at 
the bottom of lhe furnace. The use of seal legs for fee
ding and discharging solids eliminates the need for com
plex lock hoppers. 
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Inert gas Is Injected Into the seal legs to prevent escape 
of process gases. On discharge from the shaft, the ORI Is 
screened for reffio~al of fines. Special precautions arc un
dertaken to minimize any danger of spontaneous lgnlton of 
the pyrophorl c OtH prod1.1ct dur Ing ex tended s to·r-a.ge O'r' 
shipment. Either the patented Mldrex CHEMAlRE process or a 
hot briquetted Iron process may be employed to protect lhe 
ORI. The reduced f Ines are f lnally briquetted to make them 
a usable ORI product . 
Reducing process gas, about 95 per cent combined hydrogen 
plus carbon monoxide, enlers the reducing furnace through 
a bustle p lpe and po-rls localed at the bot lorn of the ;·e
duct I vii zone. lhe ·r·l"!dtJc Ing gas tempeta lure nu1ges between 
760 and 92. /•ic ( 1. 400 and 1. /00°f) . The reduc I rig gas 
flows countercurrent to l:.he desc~11dlng sollcls. Iton o>:lde 
reduction lakes place &ccordlng to reactions (1) lo (6) • 
The partially spent reducing top gas, containing about /0 
per cent carbon monoxide plus hydrogen, flows an outlet 
pipe located near the top of the OR furnace Into the 
top-gas -~crubber ~-1hcre It I !1 coo led and sc-r'•Jbbed to ·r-emove 
dust particles. The largest portion of the gas Is recom
pressed, enriched with nal:.ural gas, preheated to about 
400°C (7SOuf), and piped Into Into the 'r'eformed lubes . 
In the catalyst l:.ubes, the gas mixture Is reformer lo car
bon monoxide and hydrogen according to reactions (15) and 
(16). The hot reformed gas (over 900°C or 1.650af) 
wh lch has been re-~ton]d to abo1Jt 95 per· cent cat·bon morio
x Ide plus hydrogen Is then recycled to the OR furnace . 
The excess lop gas provides fuel for the burners In the 
reformer. Hot flue gas from the reformer Is used In lhe 
heat recuperators l:.o preheat combus~lon air for the refor
mer burners and also to preheat the process gas before re
form Ing. rhe addition of heat rccuperators le these gas 
streams has cnhanced ptocess eff lclency, helping to de
crease aniual fuel usage to a reported low f lgure ~f 11.4 
to 11.6 million kilojoules per metric l:.on of URI (9.8 to 
10.0 million Btu per met ton) . 
Cooling gases flow countercurrent to the burden In the co
oling zone of the shaft furnace. The gas then leaves al 
the l:.op of the cooling zone and flows through lhe coo
llng-ga5 s~rubber. The cleaned and cooled gas Is coMpres
sed, passed through a demister, and Is recycled to the co
oling zone . 
An alternative flowsheel uses cold shaft furnace top gas 
for cooling prior to Its lntroduct.lon Into the reformer . 
Thus the ORI absorbs sulphur In the lop gas that caMe from 
the raw materials. This helps lo prevent sulphur poisoning 
of the catalyst. (2) . 
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