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INTROOUCTION

Basic Ideas Concerning Technologies to be Adopted by Deve-
loping Countries

Summary
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1. INTRODUCTION

1.1 Basic Ideas Concerning Technologies to Lz Adopted by Deve-
loping Countries:

Minl steel plants or small scale steel ;lants integrated

or not, are the best solutlons for Iron >nd steel industry

én tdeveloplng countries to both flat and non flat pro-

ucts.

Anyway, the adopted technology must allow the use of lo-al

resources and assimilation by the avallable human resour-

ces too.

In general, the conception of the englneering vrole In de-

veloping countrles Is;

1=+ step : knowing how to cupy the existing technolo-
gles, adapting them to the resources and human
conditions of the reglons (countries) where they
will be erected. The Intensive use of local vre-
sources |s furndawmental for a developling objectl-

ve;
i 2»a  step : [he development of new t:chnologles for the
! Intensive and, If possible, exclusive use of the
: national resources.

When theve |s an effort to adapt exi-ilng technologles, a
great parcel of the second step Is eirzady elaborated.

If people of a country do not know how to adapt an econo-
mical and technological model, whic- wmay allow them to ma-
ke a good use of thelr own resdurces, they will rever be
developed, even |f they are given International help.

for exampie, in steel Industry and 2nergy, the technologli-
cal models valld for developed countries may not be advl-
sable for developing ones because they ma{ lead to a total
forelgn dependency that, In Its tura, will prevent the de-
velopment of a model eventually Letter suited to local
conditlons (that means "not to knc- how to copy") (0).

1.2 Summary

The better known ironmaking proc:sses are discussed and

classifled In Indirect Processes, Direct Processes and Di-

rect Smelting Processes. The Importance of the charcoal

blast furnace for developing countries |s demonstrated.

Development of the Dirvect Smelting Processes - all of them

plg Iron producers - |s also analised.

Steelmaking Procczses arve classifled as follows: Open

Hearth Furnaces, Oxygen Processes and Electric Processes,

The Open Hearth Is belng replaced by olher steelmaking
rocesses.,

Erectlon or expanslon of steel plants In developing coun-
tries should meet the following conditions:

- make Intensive use of domestlc resources

SOCIP00000090000000000C8000000000000000000000000 ¢
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- be based on updated and proven technologles

- demand relatively low Investment

- ba tallored for the national or reglonal market, with an
eventual surplus for export.

The actual tendency in steelmaking for the route hot metal

productlon/oxygen steelmaking processes Is explained.

A fInal decislon, however, can also be taken once the spe-

ﬁlflc conditions of the case under conslidevation are well

nown.

In general terms many technologies may be conslidered

"newly developed", In spite of beling well known, because

they are being modernized In ovder to keep competitive

with really new ones. .

The developing countries should adopt the following tech-

nologles, feasiktle because they are well known, proven,

updated and competitive:

- Ironmakling processes: small coke blast furnace, charcoal
blast furnace, low shaft electric furnace, votary kiln
processes (as the SL/RN process), gaseous reductant di-
rect reduction (MIDREX and HYL III) and divect smelting
py ocesses (COMBISMELT and COREX).

- Steelmaking processes: oxygen steelmakling, speclally the
EOF process, and electric arc furnpaces.

The importance of knowling about scrap avallability Is

stressed, before dimensloning the Ironmaking plant and de-

fining the technological route for steel productlon.

The maln data and consumptlion flgures of the better known

ivonmaking and steelmaking routes are glven,

Finally, an indication Is made of the steps to be followed

In a comparative evaluatlion of the different Iron and ste-

elmaking processes. Such evaluation will lead, on a flrst

appvoach, to the best technical and economical route for
steel production under a set of specific slte conditlons.

There exist wellknown, proven and low investment technolo-

gles to be adopted by developing countries, even on small

scales of production.

fhere 15 no general solutlon. Each case has to be Indivl-

dually analysed.

Attention to the development of continuous casting proces-

ses 1Is strongly recommended. There are many Improvements

under way In the billet contlinuous casting, whereas the
new thin strip continuous cnstln? promises to be a solu-
tion for the fliat product minimill (abt. 500.000 tpy).

A complement for small scale flat production Is the HSRC

(Hot Strip Reversing Compact) developed by Voest Alpine.
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2. 1RON MAKING PROCESSES (IRON ORE PRODUCTION PROCESSES)

2.1 Indivect Processes

2.1.1 Coke Blast Furnace

2.1.2 Charcoal Blast Furnace

2.1.3 Low Shaft Electric Furnace

2.1.4 Self Reducling Pellets or Carbon-Bearing Iron Oxide Pellzts

2.2 Dirvect Processes

Rotary Klln Processes (Solid Reductant)
SL / RN

KRUPP - CODIR

ACCAR

DRC

TISCO Process

N B W N -

Retort Processes (Solld Reductant)

.1 HOGANAS

.2 KINGLOR-METOR

Shaft Furnace Processes -~ Moving Bed (Gaseous Reductant)
MIDREX

HYLIII

NSC

ARMCO

PUROFER

Wiberg-Soderfors / PLASMARED
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Shaft Fuvnace Process - Static Bed (Gascous Reductant)
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Fluidized Bed Processes {(gaseous Reductant)
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Direct Smelting Processes or Indirect Processes.
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2. IRON HAKING PROCESSES (IRON ORE REDUCTION PROCESSES)

In the Iron ore reduction processes the ivon ore, reacts
with a reducing agent under suitable conditlions of tempe-
rature and pressure, producing metallic Ivon. The reduc-
tlon processes are classifled as follows:

- Indlrect Processes

- Dlvect Processes

- Divect Smelting Processes

2.1 Indivect Processes:

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 solidificatlon Is called plg Iron. An average
aalysls for steel grade plg lIvon is (1):
Fe = 94,71 %
C
Sl
Mn
P

4,71
420 %
0,60 X
0,30 %
0,14 %
S 0,05 ¥

In case of foundry grade plg iron the percentage of 51 s
higher. The lron ore gangue Is slagged off, together wlth
charged additives.

The maln uses for the plg Iron , as a raw material are in
the foundry and steel Industry. For oxygen steelmaking
processes It Is the Indispensable raw material, having al-
so growing importance for the electric steelmaklng proces-
5es,

The following are the best known processes for plyg
Iron productlion:

2.1.1 Coke Blast Furnace:;

The blast furnace |Is expected to remain the world”s chlef
source of Iron units for steelmaking, as long as adequate
supplies of sultable coking coals remain avallable at com-
petitive cost (2). Iron-Bearing Materials - The major raw
materials are ore, sinter and pelle's. As a vule the lron
bearing materials are screened In order to remove flInes
and to Improve burden permeability, thus increasing wind
and production rates and allowing smooth burden movement.

fhat portlon of the ore which Is too fine to be char-
ged directly |s usually agglomerated In a sintering plant,

Pellets are agglomerates made from vevy fline Iron ore
concentrates (minus 0;074 mm or minus 200 mesh), to which
a small quantity of fuel and a b!nder have been added. (2)
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Coke - The maln function of coke Is to produce the heat
required for smelting as well as to provide the chemlcal
reagents carbon and carbon monoxide for reducing the lyvon
ore. [n addition, it supplles the carbon dissolved In the
hot metal (about 40 to 45 Xllograms per metric ton of
Iron, equivalent to 80 to 90 pounds per net ton). Since
the coke vretalns its strength at temperatures above the
melting tcmperature of plg Iron and slag, It provides the
structural support that keeps the unmelted burden mate-
rials from falling into the hearth. Because of chemical
equilibrium 1limitations, the carbon monoxlide produced In
the blast furnace can not be completely consumed In the
reduction of the burden. Therefore, the gas leaving the
top of the furnace contalns sufficient carbon monoxide t¢
have a calovific value of 3 to 4 milllon joules per normal
cublc metre 5715 to 955 kcal/Nm=). This gas Is wused to
preheat the blast and to genevate power for driving the
blowers; thus, much of the energy Is returned to the blast
furnace. The excess gas may be used In other sectlons of
the plant.

Fluxes - The major function of thc fluxes - limestone
and/or dolomite - |Is to combine with the ~oke ash and the
gangue from the ores to make a fluld slag that can be
drained readlily from the furnace hearth., The ratio of ba-
sic oxldes must be controlled carefully to preserve the
sulphur-holding pcwer of the slag as well as the fluidlity.
In Instances where the aclds In the coke ash and ore gan-
gue ave not sufflicient to make enough slag volume, sllica
gravel or quartzite Is added with the chavge.

To feed the glant blast furnaces the burden prepara-
tion Is critical. The Iron-bearing material must present a
high F2 content and the coke ash should not be hlgher than
10%, wheveas sulfur should be as low as possible,

Regarding dally production, there are blast furnaces
from 180 tpy to move then 10.000 tpy of hot metal. In the
last decades tie concept of blast furnace meant glant
units with 1, 2, 3 and even more milllons of tons of pig
Iron per year, alming 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 country Is able to organlze the ne-
Cessary sup lﬁ of Iron ore and coke, a small scale blast
furnace probably will be the solution for Ivon and steel-
making. f course, It |Is necessary to lower the invest-
ment, but a good deslign may achleve this condltlon,

Right now a brazlilian engineering compan{ Is develo-
ping a technical and economical feasibillity study for an
Indian company to erect a coke blast furnace for 60,000
tpy of foudry plg Iron. The studg Is under way and the
first flgures lead to very favourable flgures.

LO..Q.CQCOQ.O.QQC.Q..OOO 0000000000000 00000000000¢
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2.1.2

Table 1 shows a complete list of the brazilian coke
blast furnaces. All of them belong to government owned
companles (3).

Table 2 shows the brazlilian production of plg lvon by
company (4).

Table 3 shows the brazllian production of pig lvon by
process (5). More than 60 % of the brazillan production of
pig Iron comes from coke blast furnaces. As the c¢oking
coal vreserves of the country are limited In quantity and
quallty, It Is necessary to lmport large amounts of coking
coal. In 1986 the consumption of coking coal was 9.564 x
10-t, 1.150 x 104t of which were domestic and 8.414 x
10t lwmported. In short, thls technology led to a strong
forelygn dependence.

Charcoal Blast Furnace

The production of plg Iron In the charcoal blast furnace
may bhe a good solution for several developing countries,
where the conditions for reflorestation are favourable.
Quite a few countries of LatlIn Amevica, Africa and Asla
present such conditions.

Some advantages of thls Ivon making vroute are:

Hell known technology

tasy operatlion and high rellablliity

Hlgh quallt{ piyg Iron

Lower lInvestmen

Employment for a large number of people from the vural po-
pulation.

Flg. 1 shows a sectlon ofthe Charcoal Blast Furnace.
The Charcoal blast furnace presents some basic dlfferences
towards the coke blast furnace, as follows (6):

Temperature;
Temperature In the vreserve zone Is about 1509C lower
(8002C as against 9502C) In the charcoal than In the
coke blast furnace.
Residence Tlme: :
Resldence time of the ore In the charcoal furnace |s 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 5500 Kg/m*), the volume taken
by the ore In the charcoal blast furnace (15%) is about
half that in the coke blast furnace (30%X). This factor,
together with the differences between charcoal and coke,
account for the followling pecullaritles:
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* The charcoal blast Furnace demands a highly reduclible
ore or agglomerate.

* The charcoal blast furnace Is less demanding In regavd
to the size and crepitation properties of the ore, since
Lhe gas flow Is wore affccted by the reductant than by the

ore.

Blast Tempevature:
The blast temperature In charcoal blast furnace Is limited
to around 850eC,
Higher temperatures lead to a vichev top gas, with no
further decrease In the "coal rate".

Slag:

Charcoal bl st fur-ace lron Is known to be of hligher grade
than that of coke blast furnace, because of |Its 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. 3%) reduces the charcoal blast furnace slag
volume up to 120 Kg/t, with low basicity (usually 0,9),
allowing additional energy savings.

Refractory:
The lower blast temperature means a lower flame temperatu-
ve and lower straln vegarding the lining, which may be of
cheaper quallty (50X Al.04). As a further conse?uence,
cooling Is limited to shell cooling with no need of boxes
and other coolling devices.

Top Gas Temperature;
Also the top gas temperature is lower In the case of the
charcoal blast furnace: 909C to 1202C, as agalnst 150
to 200°C for the conventional coke blast furnace.

Use of Sinter;
As shown by (4), the replacement of screened ore by sinter
does not vesult In any charcoal savings unlese the furnace
Is operating In the so called "critical productivity r&n?e
(2711to 33 t/m=-day). Even In this range, the saving |Is
small,

Slze;

The charcoal blast furnace has an upper limlt as to Its
slze, malnly due o low mechanical resistance of the char-
coal. There are only three such furnaces In the range of
800 to 1200 tpd, which |s the top size. Another four or
five furnaces have a capacity of 400 to S00 tpd, one of
them bLelng the new furnace started up !n early 1986 with
several Improvements. All others, totalling over 100 fur-
naces, have a capaclty between 60 and 200 tpd.

Blast Preheating:
The small size of the charcoal blast furnace and Its lower
blast temperature




[ 3] Riw Dary

_UNIDO SSA/CL1T87/047-Jul/87 0

FRECARLD BY maUe DAt

KE@: Serglo W.G.SCHERER|  26.01.88 |57 11 %  s2

COMPARATIVE EVALUATION OF NEWLY DEVELOPED
rECHNOLOGIES FOR APPLICATION IN MINI STEEL PLANTS

make |t possible to eliminate the conventional stoves for
blast preheating, substli*uing them by metalllc heat ex-
changers called “glendons®, which cost substanclally less.
The few alveady mentioned furnaces biggev than 400 tpd,
however are outfitted with stoves, with the exception of
the most modern one, already mentioned, which operates
nith glendons glving 800°C | the blast.

Fans:
Because of the lower density of the charcoal the permeabl-
11ty of the burden Is better and consequently the pressure
drvop through the furnace Is low (3 to 5 m of water co-
lumn). Simple fans In series may therefore be used to pro-
vide the klast alv, In lieu of heavy blowers,

Invesiment:
The small size and simplicity of the charcoal blast furna-
ce, with Its simple alr blowing and heatiny devices, unex-
penslve Instvumentation and gas washing, almost manual plg
caster, simple vraw material handling and storing and
low-cost refractory lining demands very low Investment,
This 1Is In the range of about US§ 50.00 to 60.00 per ton
to yearly capaclty, 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 Brazlil* - ABM
October 1987.
As Annex 2 the artlicle "Operating Experience HIth Charcoal
Blast Furnace nad EOF Steelmaking in Brazil".
H. C. Pfeifer and 0. £, SimGes - International Conference
on Alternative Routes for Iron and Steel under Indlan Con-
ditlions. 8-10t» Febvuary 1988-JAMSHEDPUR Indlia.

Usually the charcoal blast furnace Is fed with natu-
val pellet ore. The use of sinter or pellets, when avalla-
ble, Improve the operatlon., The Immediate analysis of
charcoal Is the followling:

Fixed C 70 - 75 ¢
Volatlile Matter 20 - 25 X
Ash 3 -5 4
P (as Pi0y) 0,06 - 0,08 %
and the consumption per ton of plg lron Is: valt
‘9
4 (dvy basls)
Net quantity charged to furnace 2,90 640,0
Flnes recovered (below 9,5 mm) 0,35 123,0
Losses 0,25 350
Gross quantlty 3,50 78,0

Brazil Is the major producer of charcoal plg Iron and the
individual capaclty of blast furnaces In operation varles
from 20.000 tpy to 350.000 tpy plg Iron,

..O0.0.00..CQQO.C..."Q.!‘“QQ.O...O....Q...Q...Q.
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2.1.3

During 1986 the productlon of charcoal plg Iron was
the followling:

Total Production 7.550.533 ¢t
Integrated steel plants 3.129.050 t
For export 2.369.822 t
For domestic sales 2.051.661 ¢t

With the exceptlon of ACESITA which Is government owned,
all other brazilian charcoal plg producers are private
companies.

Vanishing natural forests and growing cost of vrefo-
restation are leading to efforts to lmprove the efficlency
of charcoal Irvonmaking, by measures alming at Improvements
in veforestatlion, charcoal making and blast furnace cons-
tructlion and operation, all of them uirected to decrease
specific charcoal consumption.

In 1978 UNIDO sponsored and issued a extensive paper
about charcoal Ivonmaking (7). The Issue of a new, updated
edition of thls document would be highly recommendable,

In a recent paper (8) an analysis Is made of the ef-
fect of all possible Iimprovements In veforestation, char-
coalmakling and blast furnace construction on the specific
charcoal consumptlon. The paper shows that these lmprove-
ments, all based on already existing technology, may In-
crease 3,8 times the yearly productlon of plg lron with
the charcoal produced on otie hectar of 1land. In other
words, a conventlonal charcoal blast furnace (60.300 to
150. 000 tpy) today produces 3,5 tpy of ply with the char-
coal from 1 hectare of reforested area on a continuous bha-
sls. Once all Improvements are accomplished, such produc-
tion may veach as much as 13,4 tpy.

Tables 2 and 3 glve the brazilian production of plg Iron
for each company and by process. Table 4 glves the steps
to decrease the charcoal consumpt'on (8).

Low Shaft Electric Furnace Process.

A low shaft electric furnace (LSEF) Is used In this pro-
cess to reduce Iron ore and produce liquid plg Iron. Flgu-
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 aY?lomera-
%g? or lump ore, coke or charcoal or coal, and mestone

The LSEF |s a good solutlon for developing countrles

L..unu.nu_u....g.uTuou.uuu.nuunu.
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2.1.4

with avalilabllity of cheap electric energy, since it Is a
well known technology with high reliabllity.

According to a paper presented to the World Bank, In
November 1977, by MAHNESMANN/DEMAG/MIDREX/IKOSA (9), the
consumption of charcoal Is 1,8 m* per ton of plg Iron
(abt. 423 kg). Off gas Is about 1,5 Gcal per ton of plg
iron wlith .900 kcal/Nm=, and may be used as reducling
gas In dirvect reductlon processes or as fuel,

The process allows the use of high ash coke. The wuse
of a domestic coke with the following analysis has already
been proposed to a brazillan company:

€ Fix (dry basls) avrg. 65 X

Ash 25 - 30 %

Volatliles matter 9 %

S 2,2 % (max.)
6,0 X

Molsture
The anticipated consumption was 0,46 t coke/t.

There are a few LSEF producing plig Iron in Brazil
(see lable 3). One steel Industry has 2 L5tF, each one
equipped with a 20 ¥H transformer. Each furnace produces
240 t/day in & taps. Avallabllity Is above 901 and elec-
tric ensrgy consumption Is 2.000 kHh/t pig Ivon. See Ta-
bles 2 and 3 gliving the brazllisn production of plg Iron
by company and process.

Self Reduclng Pellets or Carbon-Bearing Ivon Oxlide Pellets

In this technology Iron oxlde fines, lime, silica and car-
bon fines are mlxed, pelletized and hardened.

The process owners of '“~:s technology claim that the
uniformly dlsseminated carbo:: particles crecate numerous
reduction centers throughout the pellet matrix where re-
duction occurs simultaneously, accelerating veductlon and

ermitting higher temperatures without an adverse effect,
he result Is a much faster reactlion rate., [n addition, at
the hlgher temperature, carbon monoxlide Is generated
throughout the pellet matvIx which causes an increase In
the partial pressure of CO which favours reduction ther-
modynamics as well as causing the carbon monoxide to dif-
fuse much more deeply Iin the pellet cavitles.

Test results have shown that the reduction rate with
carbon-bearing pellets Is much faster than that obtalned
by the diffuslon of external carbon monoxlide Into conven-
tional iron oxide pellets under simllar conditions. Car-
bon-bearing pellets can be reduced completely 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 developing this
technology:

A - Pellet Technology Corp., from Plttsburg/USA, with the
PELLETECH (PCT) Process, where the carbon-bearing pel-
lets are hardened In an autoclave. Accordln? to PTC a S
t/h cupola was bullt In Calcuta/India, solely to reduce
pellets prepared by the MIU - Pellelch process. Test
programs demonstrated that a varlety of specifled com-
positions can be produced from carbon-beaving Ilron oxl-
de pellets. Including DRI (sponge Ivon) was produced
with carbon bearing pellets.

B - Fundlaao Tupy S.A., from Jolnville/SC Brazil, with the
Self Reducing Pellet Process (5RP), where thc pellets
are cold hardened. Fundigtio Tupy Is a very Important
brazillan foundry and recelves the plg Iron by truck
from othey brazillan states, the average dlstance beling
about 1.000 km. In Imbltuba seaport, 250 ki from Join-
"ville, pyrite clinders (flnes) and mineral coal are
avallable. The Tupy research center started developing
cold hardened self veduclng pellets (or carbon-bearing
pellets). These SRP were tested In a pllot cupola exis-
ting In the research center. Proportional of SRP was
Increased In the metalllc charge from 10% to 100% with
good results. The second step was the erectlon of a In-
austrial demonstration plant for about 900 t/month of
hot metal In the Fundig8o Tupy Indust-ial avrea. The
plant operated during several months (86/87) and pre-
sentiy some changes are belng made In the furnace. As a
matter of fact the plant Is a modifled hot blast furna-
ce. Once the changes are the tests will start agaln and
it |Is expected to work out until the end of 19388 all
parvameters necessary to complete the design of an In-
dustvial plant for 60.000 tpy hot metal, tov be erected
In Imblituba during 1989 (11).

These technologles (PTC and SRP) may be a solutlon for ca-
ses wheve lron ore fines and reductant are avalliable.
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2.2 Divect Processes:
The reductlon reactions between ove and vreductant occur
with lron ore In solid state.
The product Is called sponge lron ov DRI (dlrect-veduced
ivon). Usually the DRi has more than 90X of total Iron and
35% as metallic lvon, resulting In a metalllzation degree
hlgher than 50%.
The gangue vemalins in the DRI and Is slaggcd off In  the
melt shop (steel or foundry plant).
Carbon content may change from 0,05% in solld reductant
processes to 2,5% in gaseous reductant processes, but It
Is }mportant to know If the carbon Is combined (cementite)
or free.
‘he major part of ORI productlion Is used as a substitute
for screp In electric arc steelmaking furnaces (EAF). DRI
derived from virgin ivon units Is a relatively pure mate-
rial which dllutes contaminants In the scrap and improves
the steel quality. The avalilability of low cost scrap and
the hl?h cost of energy restrict the use of DRI In most
highly Industriallzed countvies. Divect processes are es-
pecially favored In those locatlons that avre endowed wlth
abundant resevves of inexpensive natural gas, non-coking
coals, and/ov hydroelectric power, and whlch have access
to suitable Ilron ores ovr agglomevates (2).
[t Is possible to use DRI !'n foundries and other steel ma-
king processes, In variable proportions.
The braziilan production of DRI Is relatively low, since
t?e country has only two divect reduction plants In op:ra-

on:

- One votary kiln - SL/RN Process - at Agos finos Plratinl
- One statlc bed shaft furnace - HYL I Process - at USIBA
A PUROFER Plant operated from 1976 to 1979 and was shut-
down. The Table S shows the brazilian productlion of sponge
Ivon (DRI) from 1977 to 1986. Table 6 glves the world Pro-
duction of DRI In 1986, of which 53,5% was produced by the
HIDREX Process,
Divect Reductlon processes may be classified as follows:
- Rotary Klln Processes (solld reductant)
- Retort Processes (solld reductant)
- Shaft Furnace Processes - moving bed (gaseous reductant
- Shaft Furnace Processes - statlc bed (gaseous reductant
- Fluldized Bed Processes sgaseous reductant)
In the processes using solld reductant coal is charged dli-
vectly In to the process kilns, sometimes as, screened run
of mine coal and sometimes after washing,
In the processes using gaseous reduclng the reductant gas
Is produced outside of the reductlon furnace. Natural gas
Is vreformed In a catalyst bed with steam or with top gas
from the reductlon reactor (CO.).

L.....uuuu_o....u.uruuuuuuun.uuouo
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2.2.1

2.2.1.1

Partial oxidation prcceszes which gasify !lquid hydrocar-
bons, heavy oil and coal are also discus:ed. The reformer
and partlal oxldatlion gasifler are Interchangeable for se-
veral of the DR processes. See Annex 6 glving a brief sum-
mary of the reducing gas genevatlon schemes.

Table 7 glves a list of Dirvect Reduction Plants Producling
Steelmaking grade DRI.

Rotary Killn Processes (Solld Reductant)

In these processes the reduclng gas Is generated from
hydrocarbons In the reduction furnace and all the rotary
kilns operate as described in tl-2 Annex 7. In some coun-
tries the DRI produced In Rotary kilns Is a good solution
(technical and economical).

The votary kiln processes In operation are the fcllowing:

SL/RN Process:

This 1Is the better known rotary kiln process, which has
developed greatest experience. There are SL, N plants ope-
rating In several countries (see Table /), using different
raw materlals and scaling from 30.000 t to 180.000 t DRI
per annum (12).

rthe process has great flexibllity In relation to raw mate-
rial, as shown by the paper “"Flexibility of SL/RN coal ba-
sed Direct Reductlion In respect of raw materials and
fuels" (12), presented in 1983.

Table 8 shows the analysis of coals used In Lurgl ODirect
Reductlion Kilns

Table 9 shows the analysis of Iron ores used In Lurg! DI-
rect Reduction Kllns

[n Agos Finos Plratinl - Brazil (1 kiln of 60.000 tpy) the
DRI Is produced from high quallty pellets and lump ore,
whereas the coal has a high ash content (13).

In SIDERPERU - Peru there are 3 kllns with 100.000 tpy DRI
nominal capacity, operating 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 belng used.
fhe 4 New Zeland Steel SL/RN kilns are deslgned to produce
up to 900.000 tpy of sponge iron. NZS 's using the kiln
off gas to produce steam to operate a 30-35 MW power plant

14).

n )Iscor - South Africa lump ore and non cokling coal are
used In four SL/RN klilns, desligned to produce up to
720.000 tgy of DRI. Iscor Is using the kiln off gases to
produce about 4.5 t/day of low pressure steam for the
integrated steam nctwork or the plant,
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Highveld Vanadium and Steel Company - South Africa opera-
tes 13 Lurgl rotary killns producing low metallizatlon
sponge lron. This material Is hot charged Into Low Shaft
Electric Furnaces to produce plg lron (15).

2.2.1.2 Krupp Codlr Process.

There |Is one plant In operaticn !n South Africa and one
under constv-~tlion In India (Table 7).

2.2.1.3 ACCAR Process.
There are plants Iin Canada and India (Table 7).
2.2.1.4 DRC Process.

There are plants In the Unlted 3tates and South Africa
(Table 7)

1L5C0 Process

~e
~N
—
o

Theve is one industrial plant In India (Table 7).

~N
N\
~N

Retort Processes (Solid Reductant).
There are two processes in opervation.
2.2.2.1 Hoganas Process,.

Developed In Sweden In 1910 and still In commercial use.
Most of the sponge lron produced Is sold as lron powder

(2).
2.2.2.2 Kinglor-Metor Process.

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

2.2.3 shaft Furnace Processes - Moving Bed (gaseous Reductant).

A typlcal example of the Shaft Fuvriace Process - Moving
Bed Is the MIDREX Process. So, the MIDREX Process descrip-
tion as describe in the Annex 9 serves too In geneval
terms, for the other ﬁrocesses.

The DRI produced In Shaft furnaces Processes - Moving Bed
can be dellvered to the customer as pellets/lumps, or as
cold Briquettes or as HBI (Hot Brlquetted Iron).

The Shaft Furnace Processes - Moving Bed (Gaseous Reduc-
tant) are (2).

I.u.....o.uuu.u..o.Touuuuuuuu.u.u.
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2.2.3.1 MIDREX Process

The MIDREX Process Is the best known direct reduction pro-
cess worldwlde and production of MIDREX plants Is blgger
than that of all other processes together (see Table 7).

A typical analysis of Shaft Furnace - Hoving Bed DRI Is

Fe faatal 91 = 93 3
Fe..e 83 - 88 i
Metalllzation 92 - 95 p 4
C 1 - 2,5 X
Gangue 3,1 - 7,9 %
P 0,02 - 0,04 ¥
S 0,005 - 0,015 ¢

.2.3.2 HYL III - The HYL III has plants In operatlon and under
constyucclon In Mexlco (see Table 7).

N

.3.3 NSC - Nlppon Steel corporation (see Table 7).
.3.2 ARMCO (see Table 7).
.3.5 PUROFER (see Table 7).

N NN

.3.6 MHiberg - Soderfors/Plasmaved

In the original Wiberg process In Sodevfors (Sweden) the
reducing gas for the shaf furnace was produced at about
10392C, by vrecycling about 65% of the shaft furnace top
gas In an electr!cally heated coke or charcoal carburator
(2). It was a plant for 25.000 tpy DRI, consuming 960 kWh
and 210 kg of coke per to of DRI. The SKF developed a
plasma process called PLASMARED. The PLASMARED was re-
cently adapted to the Wiberg - Soderfors process as a
means of heatling up the cleaned top gas before recycling.
Capaclty of the Wiberg - Soderfors /PLASHMARED plant Is
about 70.000 tpy DRI and consumptions are 850 kWh and 180
kg of coal per ton of DRI (11).

2.2.4 shaft Furnace Process - Static Bed (gaseous reductant).

2.2.4.1 HYL I

The HYL 1 was a ploneer In the Industrial production of
sponge Iron. There are some plants Iin operatlon In Mexlco,
Brasil, Venezuela, Indonesla and Iraq, but nowadays It Is
an obsolete process, the reason why HYL developed the HYL
III process (see Table 7).
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2.2.5

2.2.5.1

2.2.5.2

~
w

Fluidized Bed Processes (gaseous reductant).

In these processes Iron ove fines are reduced by hidrogen
in a fluldized bed and the reduced material Is always hot
briqueted.

HIB

A plant was erected In Puertc Ovdaz - Venezuela to produce
move than 700.C00 tpy of high Iron briquettes with 70% me-
tallizatlon, intended to be charged in amevican blast fur-
naces,

The operation was never satisfactory and according to a

~recent announcement the piant will be modified to produce

750.000 tpy MIDREX ORI (195).
FIOR

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

Direct Smelting Processes or Indirect Processes in two
stages.

fhese processes arve variants of the blast furnace because

the product obtalrned Is plg lvron.

Reaction *ake place In two reactors: the Reduction Reactor

where the lron ore |s dried, heated up and reduced by ga-

ses generated In the Smelter Reactor; The Smelter Reactor

or Smelter Gasifler Reactor, where the Fflinal reduction,

occurs and the DRI smelts and absorbs cavbon.

The Dlrect Smelting Processes are the way to get the ad-

vantages of the Indirect Processes with higher Flexibility
in relation to viw materials and energy.

The technlcal and economical Incentlves to develop these
processes, compared to the coke blast furnacc are;

- use of a wide range of lvon ores

- possibility of using a wide range of coals, thus beco-
ming Independent of coke.

- being economlc even in relatlvely small scale

- less envivonmental problems (17)

The Divect Smeltling Processes pa{ special attention to the
gse 02 the waste energles from the reactors, which as can
e use :

- for the productlion of steam for many purposes, Including
electric power generation,

- as fuel ﬁas in pelletizing, foundries, steel plants, ce-

ramics etc,
- as clean gas (sinthesis gas) in the chemical Industry
- as clean gas 2reduclng yas) In Direct Reductlon




2.3.1

2.3.2

UNIDO SSA/ELT87/047-Jul/87 0
Y = Serglo W.G.SCHEREN  26.01.88 [ 20 52
'  COMPARATLVE EVALUATION OF NEWLY DEVELOPED
IECHNOLOGIES FOR APPLICATION (N MINI SIEEL PLANIS
The following processes are the Direct Smelting processes:
- COMBISHELY
- COREX
- 5C
- COIN
- KAWASAKI
- ELRED
- INRED
- PLAMASHMELT
See Annex 3 “"Smelting Reduction Processes for Iron and

Steel makling"
O Nyquist - IISI - Rio de Janelro, October 1986.

COMBISMELT (18) (19).

tlg. 3 shows the Schmematic representation of Comblsmelt.
fhe Combismelt Technology uses a combination of SL/RN ro-
tary kiln as Reduction Reactore producing sponge lrvon and
SAF - Submerged Avc Furnace for hot metal production,

The waste encrygles of the furnace are used for steam pro-
duction,

In New Zeland Steel four SL/RN votary kilns feed two elec-
%{ig melting Ffurnaces to produce 700.000 tpy plg lIvon
The waste energle |Is used to produce steam which generates
30 - 35 MW (11).

fn Highveld Vanadlum and Seel Coorporatim - South Africa
there are 13 Lurgl rotary kilns, producing relatively low
metalllizatlon sponge ivon, to feeding 7 low shaft electric
furnaces to produce more than 1 milllon of steel per year.

COREX (20) (21)

Flg. 4 shows the schematic representation of COREX wlth

export gas (20).

Flg. 5 shows the schematlc representation of COREX without

export gas (20).

The Reductlion Reactor recelves lron ore and adltives from

the bins and reducing gas from the smelter gasifler produ-

cing DRI which Is discharged hot to the smelter/gasifelr.

The Smelter Gasifier Reactor recelves oxygen and coal,

which Is Instantaneously dried and degasefled, wheve the

resulting char Is gasifled In the fluldized bed. The hot

DRI Is charge continuously belng finally reduced, smelter

and carbon enriched,

The great flexibllity of the Corex process Is Ilustrated

by the following tables:

Table 10 - Iron ores used in the COREX pllot plant wuntil
1987 (21).

‘oooooooooooooooooocooootoooocoooocoooonoocconooo
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2.3.3

2.3.4

2.3.5

2.3.6

Table 11(- goals used In the COREX pllot Plant until 1337
21).

Table 12 - Classificatlon of Coals for COREX - The KR Pro-
cess (20).

All the Iron ores and coals (Table 10 and t1) were suc-

cessfully tested In the Kehl / Hest Germany - Demonstra-

tl?n Plant, which capaclity of 60.000 - 80.000 tpy hot me-

al.

In May 1986 the following Brazilian raw materials where

tested during a 10 day period:

Metallurglical coal with 17,0 % as
Noncoking coal with 21,0 1 as
rellets 65,21 1 fe
Lump ore¢ 67,50 % fe

The test was successful and about 1.100 ton of piyg Ilron
were produced.

Table 13 presents the dlagram and consumption flgures ex-
pected for a COREX Industrial plant operating with Brazl-
lian raw materials, as well as che plg Iron analysis the
off ggs compositlon and volume. lhils project Is belng dls-
cussed.

Right now (Jan 88) the flrst COREX Industrial plant |Is
being commisslioned. Located near Pretoria - South Africa
at ISCOR Pretoria Horks this plant has a productlon capa-
clity of 300.000 tpy hot metal.

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

SC (SUMITOMO)

See Flig. 6 for schematic representation.

COIN

See Flgy. 7 for schematic vepresentation.

KAWASAKI

See Flg. 7 for schematic representation.

KAWASAKI Process Intends to use flne ores Instead of pel-
lets or lump orve.

[NRED

See flyg. 9 for schematlc representation,
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2.3.7

2.3.8

ELRED (2) (17)

See Fla. 9 schematlic.representatlion.

The ELRED process uses lron ore flnes and pulverized coal.
The preveductlon rveactor opevates a fluld bed under pres-
sure (5 - 7 bar). The prereduced material with about 651
metalilzation |Is centinously dlscharged from the bottom of
the preveduct!on reactor to are 3melter Reactor which Is a
OC arc furnace for flinal veductlon and melting.

A hollow electrode Is located In the center of the furnace
roof and Is connected to the negative pole of the vrectl-
fler. The positive pole Is connected to a bottom electro-
de, which 1Is In divect contact with the Iron melt. The
arc, which Is submerged In foaming slag, extends verti-
cally down toward the bath(2).

PLASHASHELT (2)

S5ee flig. 11 schematlc representation.

The PLASHASHELT Process uses Ivon ore fines and coke. The
pre-veduction reactor operates a fluld bed and reduces the
Iron ore to about 50% metallizatlion. The pre- reduced lron
Is Iinjected together with flux and coal into the hearth of
the molten lron using plasma-arc torches having an elec-
trical consumption of abo't 1.200 kHh/t hot metal.

The smelter reactores slmilar to a shaft furnace and s
fllled wlith coke, belnyg the coke consumptlion of about 50
Kg/t hot metal.
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STEELMAKING PROCESSES

Open Hearth Steelmaking Process
Oxygen Steeimaking Processes

.1 The LD Process

.2 The Oxygen Bottom Blown Process
The £ O f Process

tlectric Steelmaking Processes
.1 Electvlic Arc Furnace Processes
.2 Inductlon Fuvnace Processes

.3 Plasma Furnace Processes
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3.1

3.2

3.2,

1

STEELMAKING PROCESSES

The world steel production Is based on 3 maln routes:
- Open Hearth Steelmaking

- Jxygen Stzelmekling

- Electric Steelmaking

Until after Horld Her If the Open Hearth was the maln ste-
elmaklng process, having now been replaced oy the Oxygen
SteelmakIng Processes.

In 1935 oxygen steelmaklng processes produced worldwlde
about 58% of the total steel productlion, the electric pro-
cesses about 25% and the open hearth about 17%Z. The ten-
dency for the near future, however Is a further decrease
In oper hearth productlon.

In Brazil, In 1986, steel production reached 21.3 wmilllon
ton, 72,5 £ of which came from oxygen processes, 24,91
from (g%ectrlc processes and only 2,4X in Open Hearth pro-
Ccess .

The tendency Is that new plants will be based on oxygen
steelmaking.

Open Hearth 3teelmaking Process

The O.H.S.P. used to be the main steelmaking process but
Is now belng replaced more and more by the other proces-
s€es.

However, |If a developing country which is still operating
OH furnaces locks the financlal resources to shut down the
OH plant and to erect a new one, the solutlon Is to adapt
the KORTEC - Submerged Blowing Process, In operation In
drazll (C5P) and Hungary (OKU), as a first step of moder-
nization and cost reduction. With very low Investment the
productivity wlll be Increased with conslderable energy
savings. [he conversion of tradlitional Open Hearth furna-
ces to the KORIEC - Submevged Blowing Process IS very easy
and the necessary submerged tuyeres can be Installed du-
ving a normal furnace repalr.

3ee Table 14 for process description,

Table 15 glves the advantages and operatlonal data of ope-
rating OR furnaces with submerged oxygen blowling.

Oxygen Steelmaking Processes

These processes can be classifled as follows:

-.The LD Process.

- The Oxygen Bottom Blown Processes,

- The new concept called EOFf - Enevrgy Optimizing Furnace,

The LD Process

Plants utllizing top blowing oxygen have been In operation
since 1952-53 at Linz and Donawltz In Austria,
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3.2.2

3.2.3

Today the LD Process Is the world leading Process in Ste-
elmaking (2).

Flg. 12 and 12A glve Informatlon ahout the oxygen blowling
process varlations (22), which means processes based on LD
converter and LD converter variations.

The Oxygen Bottom Blown Process.

Flg. 13 shows the development of the Oxygen Bottom Blown
Process from 1963 to the present.

Fig. 14 and 15 give Informatlion about the KMS process,
installed In Elsenwerk - Gesellschaft Maxlmilians-hutte M
B H (3 x 60 t) and Georgmarlenhutte (1 x 125 t), In HWest
Germany.

By bottom injection of oxygen, lime and carbon It |s pos-
sible to vary the ratios of cold metalllic charge/hot metal
between 25% / 75% an 75% / 25%. The goal Is the steel pro-
ductlon without using hot metal. The post combustlon tech-
nique Is used to combust a slzeable portion of the CO abo-
ve the bath to €Oz 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 he used for steam generatlon and other uses.

The EOF Process (Enevygy Optimizing Fuvnace)

The EOF Process is a new oxygen steelmaking process, low
in Investment and operational cost.
In short, the process and Its main advantages can be des-
cribed as follows:
The EOF Is a hearth furnace for the production of 1liquid
steel with coal and oxygen from varyling vatios of hot me-
tal and scrap, combining the principles of oxygen blowing
and scrap preheating,
The main process principle underlying the EOF Is to Intro-
duce oxygen into the bath to react with carbon, creating
(0 gas which |Is subsequently burned to (O, above the
bath wlithin the furnace vessel. The heat generated by the
oxygen vreactions |s eFF!clentl¥ used to melt scrap that
has been prviously preheated. The cavbon requived for the
reaction 1|Is Introduced into the bath elther as a constl-
tuent of molten plg-Iron or In the form of solld carbon
which |Is Injected into the bath and reacted with 1liquid
steel to create an artificlal plyg-Iron,
Sensible heat In the waste gases Is utilized for stepwise
preheating of the scrap In vefractory-1lined scrap prehea-
ter consisting of several preheating sectlons located abo-
ve the furnace roof,
Maln advantages are;
* Submeryed horizontal oxygen blowing through special tu-
yeres;

*oooccoooooooo.oooooogoorooooooooooooooooooooo000
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* Use of a clrcular shaped, compact furnace In which heat
losses are reduced;

* 995% aftevburning of CO to CO; In the furnace, trans-
ferrlng encrgy to the steei bath by radiation;

* Scrap preneating with the EOF’s hot off-gases up to
850oC and quick charging of scrap;

* Extreme flexibllity with regard to the metalllc charge

mlx;
* Proven high plant avallabllity; commerclially proven
technology

[ ]

Mintmum amount of auxillary equipment, no high power
electricity distribution system;

* Utilizatlon of water-cooled elements for walls and roof.
See Flg. 16 schematic representation of the EOF,

see Flg. 16 for Informatlion about the EOF.

See Flg. 17 for the ulstory and development of the EOF.
See Flg. 18 for Cpervrating Facts and Flgures.

See Flg. 19 for Steel Quallty Products and EOF Banefits,
At present there Is one 30 t EOF operatln? since 1982 at

Companhla Sldevurgica Palns(CSP), In Brazll, with a yearly
production of 200.000 t of llquld steel.

A new 30 t EOF Is under erection at C3P, to be commissio-
ned In March 19383.

A 60 t EOF Is under construction at Slderurgica Allpertl
S.a. (Sao0 Paulo - Brazil), to he commissioned In May 193
and deslgned to produce 400.000 tpy of liquid steel,

In 1989 the EOF Steel productlion will be of 800.000 ¢,
equivalent to 3.5% of Lhe Brazilian Steel Production.
Annex 4; "The EOF process: Performance and out look". R.
Heber and H. C. Pfelfer - International Conference of Iron
and Steel Tecnology - GBrazillan Soclety for Metals - SHo
Paulo, Brazll, MNovember 1986.

Electric Steelmaking Processes

In these processes the energy to melt down the metallic
charge and to heat up the bath to the teeming temperature
Is supplled by electric power. These processes are classi
fled In accordance with the way of transfering the eletric
power to the metallic chavge,

Due to iIncreasing cost of electric energy steelmaking will
possibly decrease Its share as melting process, but the
tendency today 1Is that all steel plants, Independent of
process chosen, are Installing Ladle Furnaces, that means
an electrical furnace for refining the steel and to adjust
its correct teeming temperature.

B A
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3.3.1 Electyic Arc Furnaces Processes

More than 20X of world steel productlion Is produced in the

tlectric Arc Furnace, an efficient and flexible equlpment

for steel production since any kind of cold metallc char-

ge, as different types of scrap, sponge lvon and plg Iron

may be used as feeding material.

Current passes from one electrode down through an arc and

the metal charge, then from the charge up through an arc

to another electrode. Although single, two or three-phase

can be wused for steelmaking, furnaces employlny thre-

e-phase current are used almost excluslvely(2).

Today, there are some so-called Dlvect-Current Divect-Arc

turnaces In operatlion, where the current passes from one

electrode through an arc and the metal charge to an elec-

trode In the bottom of the furnace(2).

In EAF operatlion some factors as ¥ of ORI charging, metal-

11zatlon of DRI and tap to tap time are Ilmportant, as

shown In the followlng tables:

Table 20 - Power consumptlon with DRI charglng.

Table 21 - Influence of metalllzation,

Table 22 - Influence of the tap to tap tlme on power con-
sumptlon,

3.3.2 Induction Furnace Processes

Current Is Inducad In the metallic charyge by an oscilla-
ting magnetic fleld.

Usually first class scrap and plg Iron are used as a char-
ge df?r inductlon furnaces, which ave Installed In many
foudries,

3.3.3 Plasma Furnace Processes

Basically the plasma furnace can be vregarded as an elec-
tric arc furnace, In which the graphite electrodes are re-
placed by metalllc electrodes and the electvic arc by the
plasma arcs (24).

Taking advantage of the technology developed by VEB -
Freltal, Voest Alpine acquired an exclusive licence for
the bullding and operation of plasma furnaces.

S0, a 45/60 t plasma furnace was Installed at the Voest -
Alpine works In Linz and put Into operation in Mov. 1983,
T?e 1plasma furnace has already produced 25.000 t of alloy
steel,

Some of the advantages expected for the plasma furnace
ave;

- better metalllic yleld

- lower nolse level

- no shock loads on power grid

- no electrode consumption (295).

uuuu..uuunu.yutuouuuouuuuuuu
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4. TECHNOLOGIAL ROUTES FOR STEEL PRODUCTION IN DEVELOPING
COUNTRIES (Ivon Making + Steel HMaking).

4.1 Remarks

4.2 Consideratlions about Technologlcal Routes

4.3 Technological Routes for Ivon and Steel Production
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4. TECHNOLOGICAL ROUTES FOR STEEL PRODUCTION IN MINI STEEL
PLANTS IN DEVELOPING COUNTRIES

4.1 Remarks

4.1.1 ghe maln characteristics to be met by such plants should
e;

- Intensive and, If possible, exclusive use of domes-
tlc resources (vaw materials, energy, labour etc).

- to be based on exlsting and proven technolo?y

- to be tallored for the domestic or reglonal market
In case an agreement is reached with neighboring
countrles; eventvally a small surplus for export
may be contemplated.

- low Investment.

4.1.2 For the purpose of this paper the definition of mini steel
plant Is a plant with capaclty between 50.000 and 500.000
tpy of steel.

Exceptionally the 1llimlt might go up to 800.000 or even
1.000.000 tpy.

4.1.3 Today the yeneral tendency for steel production Is to fol-

low the route hot metal/oxygen steelmsking, in view of lo-
wer electric power consumption as compared to the alterna-
tive voute cold metallic charge/electric arc furnace.
Electric power ls not cnly expensive but also In conslde-
rable shortage In many countries, which also do not have
networks with the necessary shorb-clrcult power to supply
high-powered arc furnaces.
On the other hand, however, there are countries with aval-
labllity of hydroelectric power at reasonable price, as
well as Iron ore. In this case the production of hot metal
Iin low shaft electric furnaces may be a good solutlon,
This shows the importance of a thorough knowledge of lacal
conditlons before a decislon Is taken,

4.1.4 At present quite a few electric arc furnaces ave using plg
iron and even hot metal In the composition of thelr metal-
lic charge. In Brazil, for Instance, It Is usual to charge
up to 30 ¥ - and even 40 X - of pig lvon Into the EAF. Ta-
ble 23 shows electric energy consumption and metallic
yleld In an arc furnace as functlon of the percentage of
plg Iron in the charge (27). 5Such data were obtalned In a

highly efflicient steel plant produclng 900.000 tpy liquid

steel In two EAF of 115 t capaclty each,

RS AR
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4.1.5

4.1.6

4.2

4.2.2

4.2.3

4.2.4

There 1Is a further advantage in routes which go through
plg Ivon production: the possibllity of supplying raw ma-
terial to foundries, which also play an Important role in
the Industry of a developing country.

To be “~ligible" for a developing country, a technological
route should be based on existing and well proven techno-
logles. On one hand all exlisting technologies ave under-
going slgnlficant developments, and the chavrcoal blast
furnace Is a good example. But some recentl{ developed
technologies, llke for Instance the plasma In the produc-
tlon of hot metal, are promissing solution but should pro-
ve seccessful In commerclial plants of developed countrles
before being taken up by any ewergling country.

Considerations about Technological Routes:

In chapters 2 and 3 many processes were presented; from
now on, however, all data will be referred to the better
known, experlienced and proven processes, already in opera-
tlgn or about to be adopted by developing countries, na-
mely:

Ironmaking Indivect Process:

Charcoal blast furnaces data; In some cases small coke
blast furnaces and low shaft electric “urnaces data will
be consldeved.

Ivonmaking Divect Reductlon Process - Solid Reductant:
SL/RN data.

Ironmaking Dlvect Reductlon Process - Gaseous Reductant:
MIDREX datas (HYL III may be consldered too)

Ivonmaking Direct Smelting Process:

COMBISMELT and COREX data. :

COMBISMELT wuses proven processes as the rotary kiln and
the low shaft electric furnace. COREX |s considered here
because the Kehl demonstration plant size - 60.000 /
30.000 tpy hot metal ~ Is an Industrial plant size for
many developing countries and the flrst Industrial plant
for 300.000 tpy of hot metal Is belng commissloned right
now (January 1988).
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H A

2.5

.2.6

3.1

3.2

.3.3

.3.4

.3.4.1
.3.4.2

Oxygen Steelmaking Process:

tOF data, because It Is a new concept developed In an
emerging country to opevate under such a countvry’s condi-
tions. At the same time It Is a proven process, able to
use high percentages of solld charge and, when using pre-
dominant percentages of liquid charge, the consumptions
flgures arve similar to the wellknown and proven LD process
?g? Its LD process varlatlions. (See lables 16, 17, 18 and

tlectric Steelmaking Process:
EAF - Electrlc Arc Furnace data.

Technological Routes for Irvon and Steel Production

+ Divect Reduction Plant (DRI) + tlectric Avc Furna-
eel Plant:

o

ce 5

Scrap
t

Scrap + Hot Metal Production (Pig Iron) + EQF

scrap + Divect Reduction Plant (DRI) + Hot Metal Produc-

tion (Plg Ivon) + EOF;

NOTE: The quantity of scrap avallable In the country Is
very |Important when decliding about the Ironmaking
plant size

If a developing country has large avallabllity of scrap or
does not have the raw material for Ironmaking, sometlmes
it may be move economical to import scrap/ORI/plg Iron. In
this case the technologlcal routes for steelmaking are:

Scrap/DRI/plg Ivon - EAF
Scrap/ORI/ply Ivon - Cupola furnace - EOF:

This vroute Is valld 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 Initlal production of
50.000 tpg of llquld steel, which may be Increased In two
steps to 150.000 tpy.
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Consumption,

5§$:NOLOG[CAL ROUTES FOR IRON AND STEEL PRODUCIION: HMAIN

.1 Indirect Ivonmaking Process: Characteristics, Main Reduc-
tant and Energy Consumptlons.

2 Divect Reduction and Direct Smelting Process: Characteris-
tics,Maln Reductant and Energy Consumptlons

.3 Electric Arc Furnace Process and LD Steelmaking Process:
Metalllc Charge and Maln Energy Consumptlon

.4 FOF Steelmaking Process: Metalllc Charge and Maln Energy




L UNIDO- SSALCLIS74047 Juli8? o
KZZ%" Gerglo W 26.00.88 1Y 133  s2
COMPARATIVE EVALUATION OF NEWLY DEVELOPED

ECHNOLOGIES FOR APPLICATION IN MINI STEEL PLANTS

[

TECHNOLOGICAL ROUTES FOR IRON AND STEEL PRODUCTION: MAIN
DATA
Indivect Ivonmaking Processes
1 Characteristics:
frocess | Loke 8last | Charcoal 3last | Low shart Slsctric
Tiens 4. Furnace ig. Furnece IC. Furnace
--------------------- Tt T PRSPy 1R Ry UR S S S
i.Furnace | Blaczt Furnace | Blact Furnace L.S.E.F
| |
2. Production per 1 60000 tpy to sorel 20.000 tpy to 20,000 {py to
furnace I than Jx10* tpu I 350.000 tpu 150,000 tpy
| | {250.000 tay)
I |
I.iron Ors I Pallet/sinter/highl Lusmp Ora/Pallsts/ | Lume Ure/Pellets/
| srade Yump ore | Sinter Linter
. | |
£, Reductant | Hiagh grade metall-l {oke / Char /
I urgical coal/coke | Hood / Charcoal Charcoal
|

S.Ensrgylneat ) source

Loke

Charcoal

c
<

lectric Eneray

6. 0roduct ] Ligquid ?19 Iron Liquid Pig Iron Liquid P13 Iron
.
7. [ovestaent (USE oerd 325,00 £0,00 200.00

ton of uyearlyl

cagacity)

. hdventanes

9.0isvantages

High reliehility,
well Lknown and

i
[
]
[
I
|
|
|
I
[
|
|
Froven ]
|
[
!
|

[t needs hish gra-i
de setalluraical |
coal and high 4ua-l|
1ity iron ore or |

Hish reliebility,
wall %known amd
Proven
Low investaent  Uszl
of renewable encr-|
74, |
I
It is necessary tol
invest in Refores—|
tation (up to US$ |
150,00 per t/4ycar,l|

- emm e D GRS omn R G MR - WER e WER e R GAS RAF G e G Gww e amm S

High relizhility,
wall known and
Proves.

Intensive eletric
energy Consuner

Relatively high

ajglomerates, 1if 109%Z of charcoall investuent.
I ic to derive from |

flelatively high | artificial |

investuent (coke | foreste)., ]

plant included). |

Remarks: A7: coking plant Included
C2: (350.000 tpy) means with hot charging of DRI

k.......................T........................
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5.1.2 Main Reductant and Energy Consumptlons
frocess | | H A I 8 | C
| | | Coke Blast | Charcoal Blast llow Shaft Elec-
Itons IUnitlbcal/Ul  Furnace | furnace Itric Furnace
-------------------- B e B T B T -
Itens | | P U/t 1 Geal/st | U/t 1 Geal/t | U/t 1 Geal/t
-------------------- L T B e et TR R PR,
1. ﬂetallur;ucal Coall t | 7,62 10,71 1 S,46 1| - I - P -t -
(Dopestic+Imported) | | I | l l l |
| l | I | I | |
Z2.Dosestic Retallur-1 ¢t 1 6,801 - | - b - 1 - tr - 1 -
gical Coal (17Z ash)l | 1 | | I I I
I | I | | i | |
3.0omestic Coke Pt 16001 - 1 - -1 - 1 0,46 | 2,78
(25 - 201 ash) I l ! I | l I [
| l | | | | | l
4 Douectic Reductantl t | 4,701 - 1 - - 1 - P - 1 -
Coal (40 - A5 ash) | | i | l | i I
. | | | l | | | I
S.0omestic Steam bt 15201 -1 - P - 1 - I - 1 -
Coal (407 ash) ! I | | i l | I
| | ] I | l | |
&.Charceal bt 1é6:801 - 1 - 1 0,825 1 S.56 1 0,40 1 2,76
I i I I { I | l
7.Matural Bas 110008 8,951 - | - ) i | |
Ihw?® 1 { I | | I |
| | | | I | | |
t.Electiric Eneray  LEWHL 10500251 108 1 0,27 1 100 1 0,25 | 2.000 1 5,00
| l | | | | I (359) 1(2,13)
-------------------- L T e B e T B
9.Total in Gcal ! I I I 5,78 | i 5,81 | | 7,76
| | | | | | | ]
10.7otal in (kWh + | | P 103 1 5,46 1 100 | 3,56 | 2.000 | 2,76
Gecal) | | | | | | I |
-------------------- T T e S Y S LT T TSP R Y
{redite Codl + Gas 1 U 1 Gcal | |1 2,23 | I 1,94 | I 1,34
-------------------- e T T e S e T T
ii.Total less | | ] P 3,50 | I 3,87 | I 6,42
credits in Geal | } | | I | | |
| | | [ I 1 i {
12.70tal: Geal | | | | 4,25 | 3,62 I 1,43
k&h I ] | I i08 | I 100 | 1 2,000

- = " " " - D AT - P W > = . = W W T P Y D  an b D My > > S A S " e D - v -

Maln Source : Energy Balance of Brazillan Steel Plants
. COENGE - ABM sﬂrazlllan Soclety for Metals)
Porto Alegre 23/25 July 1986,
Remarks:

C3: LSEF operating exclusively with domestic coke
C6: LSEF operating exclusively with charcoal
B6: Gross consumption

Pecccccccccccccccccccoce
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C8: (850) means 850 kWh/t pig iron when the LSEF
receives hot ORI. Right New Zeland Steel |Is
consuming about 1.000 kWh/t, but the goal Is to
achleve 850.

Note: Converslion factor for kcal Into kHh |Is 2.500
kcal per kHh, according to ABM.

+.......................t........................
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5.2 Direct Reductlon and Direct Smelting Processes

5.2.1 Characteristics

Process | A | 8 I L | v
ltess | SL/RN | H1GREX | CUREX 1CeRrY 2 K1DREX
-------------------- T R et TR
i.Furnace Rotary Kiln  I1Shaft IReduction Rea-lReduction Rea-
| l Ictor/saelter lctor/Smeller
| l iGacifier lGacifier +
| | | IRIOREX chart
| | | |
2.%voduction ser 120.000 to 1500.000 to 1100.000 to 1300.000 tpy
Furnace 1180.000 tpy  1700.000 tpy  1500.000 tpy lpig iron +
| | | 1275.000 tpy
| 1 1 [DR)
| | |
I.1ron Ore Ipellete and  lpellete and  Ipellets - cin-lpellets - cin-
Inatural pellatinatural pellstiter-natural fter-natural
lore lore lpellet ore lpellet ore
{ H | 1
L Reductant IReduc ing Coe, .oducing gaseslloale (coking 1foale end cle-
1 ] ard lan exsorl ;as
| | Inon cokina) |
1 | ! I
“.Eneroy IReducine Cozl IHatlurel see  1Cleals NS
I | | |
&.Product I1bR) 1DR1 ILiguid Pig ILiauid Pig
| i l{ron I ron and ORI
] | | |
/.lavestasnt(USs/t- | 125,00 [ 200,00 | 424,00 I 319,00
-year) | [ ] (257,00} 1 (245,00)
| | | l
&.hdvantages IYery flexible IHigh reliabi- IPig iron pro- IPig iron and
lin regard to 1lity Iducer with nonlORL sroduction
Iraw maieriale.l Icoking coele. lin the came
| | | lconp lex,
{ | [ |
?.0isadvantages I€ach plant is IMinisum econo-IFirst indus- |
la new experienlaical ¢ize Itrial plant icl
lce 1300.0060 tpy  lbeing cownis- |
I ! leioned now, |

o - - -t 8 = > - P > >t > - - - N W D Y W S s " .y > A - - - - o ke - -

Motes: C7: Estimated investment with oxygen plant iIncluded
- (US$ 257/t: oxygen plant |s not Included),
D7: Estimated Investment with oxygen plant iIncluded
- (US§ 245/t: oxygen plant Is not Included).
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o

(X))

|
|
|
1
|
I
t
Jietallurgical |
I
|
|
|
|
|
i
|

Hatural Gas

Coal(domestic +
inported)

JDosestic Retal-

lurgical Coal
(1771 ach)

Loweetic Coke

(25 - 20X ash) |
!

Lonestic fsduc-1

ting Coal (20 -1
35 asa) I
|

LDousstic Steaw |

Coal (407 ach) |
{

Lharcozl I

LElectric Energulklh
—————————————————— }----}----—-

5.

fotal in Geal |
I

10.Total in (kWh+l
Geal) ]

Credits Coal ¢+
Gas

ii.Total less
credits in Gcal

12.70tal: Geal

| ! A I 8 | i | 0
[ | SL/RN | HIDREX 1 CGREX | COREX +
| | I | | RIOREX
! I el LT S
| i | | | | IGcal/L W/t |
UNITIGcat/ U/t 1Gcalzd] W/t 1Gead/tn w1t 1 U/t 16eel/t
it EL LS t----- F-ommm R S p-—--- t----- e -
t 171 -1 - 1V -0 - 1P -1 -1 -1 -
! S | r -1r-1r-1r-1 -1 -
} M -1r-1+r-1r-1r-+r -1 -1 -
| I I | | | i ] |
t 1é&s1 -+ - 1 - 1 - 15,08517,24 10,4261 2,50
| Ir -+r-1r-1r-tr-1¢ -1 -1 -
| M- +r-r-1r-1r-1r-1 -1 -
| | | | I ! I | !
t té00t -1 - 1 -1 - 01 -1 -1 I -
] -1 P -1 - 1 -1 -1 I -
| i | I | ] | | |
t 1 4,70 11,1950 S5.6410 -} - V -} -1 -} -
I r-1r-1r-1+r - 1r-1-1-1 -
| - P - - °r-1r - 1r -1 -
| | | ! l | 1 | I
t 15200 -1 - 1 -0 - b =1 = 10,0701 0.2
! P -1 - 4r-r- 1P -1r -1 -1 -
| | I ! I | | | |
t 1é800 -1 - 1+ -0 - 1 -1-1?=-1 -
1 | | | ] | I | |
116601 &95 1 - | 10,2020 2,204 - 1 -} - | -
I | -1 - 1 -1 [ I
| | I i | | | | |
1O,00250 117 1 0,26 1 125 1 0,31 1 430 | 1,081 258 | 0,43
$o---- [ po-o-- po----- bemene b pommm e
I | P91 - 1,081 - V&322 - | 3,8%
| ! I ! | | | | |
| V1172 1 5,62 1 125 1 2,70 1 420 1 6,861 251 | 4,26
] I | | | | | | !
e e 4= - LR fomem- f--—- pom--- o= fromm—— ===
U | Gcal I -+ -V -1 - b - | 580 - 1 -
I | | | | | | | |
et EE prm--- $-mm-- fo-e-- fomm—e t----- frmm-- frmm-- pomm -
! | P 5,91 1 1,01 1 I 4,881 I 3,89
I | | I ] ] | | i
| J | 1 | ! | | I
| 1 I 5,62 | I 2,70 | 1 2,721 | 3,26
! | I 1571 125 1 I 420 1 I 251
fgégﬂ - Agos Finos Piratinil, COENGE - ABM July
The P!ratini SL/RN plant does not use the waste
enevyy,

kWh

Sources;

Main Reductant and Enerygy Consumption

5oooooooctootopooooooooo?oooocoaooooooooooooooooo
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MICREX - Informatlons from MIDREX

COREX - Proposal from Korf Engineering to a Brazl-
llan Iron ore mining company.

COREX + MIDREX - KTS studies based on the above
proposal - COREX plant producing 300.000 tpy plg
ivon and the HMIDREX plant based on clcan export
gas, producing 375.000 tpy DRI.
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5.3 Electric Avc Furnace Process and LD Steelmaking Process:

|

Metalllic Charge and Hain Energy Consumption

Process | | | A 1 8 | C
| I ISL/RN + EAF IRIDREX + EAFICOKE B.F, + LD
] ] | | |
b fmr s ommmmmme o formmmm oo
Itens | i | | I | | I Geal/t
I TIGealZul W/t IGeal/Zt) U/t tGcadsti i/t 1t
---------------- D R T S T T S
f.Cold DRI it () 10,6721 1,57 | 0,701 2,11 |
] | l | I
2.Hot URY It (%) - - - - -1
| ]

|
1
|
i
3.Liquid pig ironl t 1
| |
§.%1id pigiron | £ | (%;
| i
S.internal scrap 1 ¢ |
| |
&.Purchaced cscrapl £
|

H |

| ]
) | -1 -

| |

] 1

|

I !
(£) 10,1501 0,&%
1 |

| I
| |
| |
i |
| |
I |
| i
! !
() 10,1301 0,77 1 0,121 0,29 1 0.05
! |
| I
| |
l !
! i
! |
r ¥
l |

7 .{izuzen M 10.00161 24 1 0,04 1 24 1 0,04
v | | |
g.Electric FrersulEWh 1000250 600 1 £.50 1 £00 1 1,50 1 S0 1 0.3
----------------- e T B R R Sttt TEEEI SR EE
¢.Tctal in Geal | | | | 7,82 I 5,03 4,15
i0.Total: Geal # 1 | ! I 5,96 | | 3,15 | | 2,42
Kbh 1 | v 744 1 I+ 752 | I+ 206

(*) Metalllcs have the Gecal/t value calculated above In
5.1.2 and 5.2.2.

Notes: The DRI can be replaced by scrap, total or par-
tially. All the avallable scrap should be consumed.
Therefore the avallabllltz of scrap |s very limpor-
tant to decldade the Ironkaming plant slze. Solid
pig lron means purchased nlg lron.

9.0.“....0..00,0....0..0*0..0.900.0..0...0.0.00.

}
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LOF Steelmaking Process: Metallic Chavge and Main Energy
Consumptlon
?rocess | | | C | 0 | £ l ¥
| | ICharcoal BFILSEF + EOF ICOREX + FOFICOREX - RIDREX
| | I+ EOF I | |+ EOF
| i e D e B st
Itens | | | 16cal/l IGcal/l I6cal/l |
IUNITIGeat700 7L ¢ bt L Tuss bt U/t 1 Geal/t
----------------- L T S S il e e N e DL
i.Cold LR frt 1>y -t - -1 r-1Mr-1.-1-1 -
I | I | | | | | | |
2.Hot DRI Ft i 1 -1 - 010 -1 -1 -1 - 10,6101 2,24
t I I | | | | | | |
I.Liquid pig irenl £ 1 (%) 1 0581 2,171 0,581 3,400 0,581 2,7210,4881 1,87
| | | | | I | | | i
4.%Yid pigiren 1L 1 (%) 1 0,541 2,0%1 0,541 2,471 0,541 2,640 - | -
{ i I [ [ | | | I |
S.Internal scrap 14 1 (%) 1 05021 0,081 0,021 G131 0,021 0,1010.0221 0.08&
’ | | | | ] | I | | ]
L. turchesed scrapl £ 1 () 1 - 1 - | Im - 1r-1r-1r -1 -
I | | ] i ! | ! ] i
7.xy3en IHa™ 10560160 &0 ) 0,521 20 1 0,121 &0 1 0,121 &0 10,13
| ] I | | [ | I | |
SElectric Eneraylbdh 1000251 50 1 0,121 S0 ) 0.121 S0 § 0,131 S0 1 0,33
B LT PP o D pommm femmme oo e R L O fom e
e.Total in beal | | ] 1 4,551 | 75461 I 5:731 I 4,55
i ] | | ) | | i | |
10.Total: Geal 1 ! | I 4:05] I 1,621 I 72001 | 3,65
+kWh { | | 1+ 214 [#23411 I+ 5341 I+ 382

(*)Metalllics have the Gcal/t value calculated above In
5.1.2 and 5.2.2.

Notes: Solld plg iron means purchased pig Iron and may be
totally or partially replaced by scrap. (See table

18).
Column B: If the technological route Rotary Kiln -
LSEF - EOF Is chosen, electric energy consumption

decreases to about 50/60 X.
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6.1

6.2

6.3

6.3.1

6.3.2

—

}%CHNOLOGICAL ROUTES FOR STEEL PRODUCTION: PROCESS SELEC-
ON

To erect or to Increase the steel production in a develo-
ping country the followlng steps must be given for the
steelmaking process selectlion.

In the selectlion of the best sulted steclmaklng process
for Installation or expanslon of steel productlion In a de-
veloping country the following steps are necessary:

. To determine the country’s or the reglon’s steel con-
sumption, 1In ovrder to get a first idea on the steel
plant’s slze.

. To gatter Informatlon about the avalilable vaw materials
(quantlity and quallty, locatlon etc).

. To know the country’s energy resources, 1llke mlineral
coal, natural gas, llquld fuels, electric power genera-
tlon and distribution system,

. {?L determine the country’s or reglon”s scrap availabl-
‘1lty.

. To ldentify the existing Infrastructure as transporta-
tlon systems, water, urban areas etc.

. To know about labour conditions and availabillty,

Information listed in Items 5.1 and 5.2 above Inform about
the technical feasibllity of the different ivonmaking pro-
cess, whevreas |tem 5.3 glves the background for the cor-
rect cholse of the steelmaking process.

Since the deslired plant capaclty as well as scrap avalla-
bility are known, It will be possible to decide about both
inronmaking and steelmaking capaclty.

A flvrst approach on economic feasibllity of the different
technological vroutes for lvon and steelmaking will be pro-
vided by filling In the followlng tables:

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

Table 25 : Estimated feasibllity of the Ivonmaklay plant,

Table 26 : Estimated feaslibility of the steelmaking plant.

[t Is necessary to fill In the above tables for each tech-
nological route and locatlon envisaged,

As an example, tableé 26, 27 and 28 are glven, fllled In
for the technologlcal route charcoal blast furnace/EOF un-
der brazllian conditions,
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6.4

(-]

Finally,

it is necessary to find out about possible finan-

cing condltions since In many iInstances financing terms
and the technological route have a close connectlon.

Having followed all steps above there are conditlions now

at last, to decide in & flrst approach about the best sul-
ted technological route for the envisaged steel plant and
to work out a more detalled feaslbillity study.
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SOME EXAMPLES OF TECHNOLOGICAL ROUFES FOR IRON AND STEEL
PRODUCTION IN DEVELOPING COUNTRIES
Brazil

Paraguay

Argentina

Venezuela

Peru

Mexico

Siria

Hew Zealand

qula

South Africa

tlozamb i que

Buvrma

Others: Indonesia, Iraq, [rinidad Tobago, Nigerla, Saudl
Arabla, Malaysla, Iran, Egypt and Libya.

»ooooooooooocoocooooooooo}ocooooocoooccooooooooom
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7.1

7.1.1

7.1.2

SOME EXAMPLES OF TECHNOLOGICAL ROUTES FOR [RON AND STEEL
PRODUCTION IN DEVELOPING COUNTRIES

Brazii, year 1986. Pig iron production was 20,2 milllon
tons 62,3 X of which produced In coke blast furnaces, and
36,5 % In charcoal blast furnaces and 1,2 X In charcoal
low shaft electric furnaces.

Steel productlion amounted to 21,2 million tons, where of
72,7 % came from oxygen processes, 24,9 % from electric
arc furnaces and 2,4 € from open hearth furnaces (rapidly
decreasing).

The II PSN (National Steel Industry Plan) gives the the
guide lines for the expansion plan which Intends to go for
ggoolnstalled capacity of 50 million tons for the year
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 blg state plants owned are already based on
this technology.

I order to decrease the coke rate, coke based steel plants
are adopting the tz=chnologies of coal fines injection, na-
tural gas Injection, and oxygen enrichment of the blast.
There |Is a technical cooperatlon agreement between Brazil
/ USSR covering these technologlies. Charging of metallics
(DRI) Into the blast furnace Is also belng considered, as
a means of Increasing hot metal production without further
coke consumption.

Electric arc furnace production will be expanded according
to the avallability of both scrap and plg Iron, provided
the energy price does not grow out of contvrol.

In some areas It will be necessary to compare the routes
scrap - plyg Ivon - electric arc furnace versus plg iron -
scrap - EOF,

SIOERURGICA ALIPERTI S.A., a private company located down-
town Sao Paulo, decided about 18 months ago to cancel a
new electric arc furnace steel plant and In Its place to
bulld a steel plant based on the EOF - ladle furnace -
contlnuous casting route,

ALIPERTI produces about 200.000 tpy of charcoal plg lron,
The new EOF-LF-CC steel plant Is under erection and will
be commissloned In May 1988. The capacity |s 400.000 tpy
of liquld steel and the investment "battery limits" Is US$
36 mi1lion (USS 90/t-year of capacily)
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7.1.3

7.1.4

7.1.5

7.2

7.3

=

Along the 900 km rallway from Carajas lror ore mlnes to
Ponta da Madelra sea port (north of Brazil) there are some
charcoal blast furnaces belng commissioned. Probably very
soon these blast furnaces, Instead of exporting pl'g Ironm,
g:%% tgo over to produce steel via EOF process, exporting
ets.
furthermore, near Ponta da Madeira sea port theve Is an
integrated steel plant under planning, Intended for slab
export. The technology for this plant is not yet declded,
but It will operate based on Carajds ore, some local char-
coal and malnly Imported coal. Through Ponta da Madelra

~port there Is an annual export flow of 25 milllon tons of

ivron ore,

Another 1iron and steel producing unit is beling planned
within the near future at Corumbd, at the brazilian border
with Bolivia, were Important Ivon and manganese ore depo-
sits are located. Corumbd Is linked by rvallway to Santa
Cruz de 1la Slerra/Bolivia In the west as well as to 3Ho
Paulo and Santos to the east. The technological route for
the Corumba plant will be based partly on charcoal (blast
{grngces), partly on bollvian natural gas (dlvect reduc-
on).

The production of a certain amount of ferrvo-alloys is also
being contemplated at Corumbd.

In the south of Brazil steel production will also be ex-
panded, based on mineral coal, since all brazilian mineral
coal mines and deposits are In this region. The Ironmakling
voutes wlill probably be the SL/RN dirvect reductlon, al-
ready operating for almost 15 years at Agos Finos Plivatl-
nl, and the COREX process.

Paraguay - Paraguay lacks lron and manganese ore deposlits,
but both may be easlily supplled, via Paraguay River, from
the Corumba Iron and manganese mines.

Near Assunclon an Integrated steel plant, opervating char-
coal blast furnaces (2 x 87.500 tpy) - LD steel plant
(183.000 tpy steel) and rolling mill for 150.000 tpy of
non flat rolled ;roducts, has been erected and is In ope-
ratlon since 1987, .

Argentina - In the north of Ar?entlna Alto Hornos de Zapla
operate an Integrated steel plant based on charcoal blast
furnaces.

The maln Ar?entlnlan steel productlion area Is located on
the Parana River bank,
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7.4

7.5

7.6

7.7

SOMISA is an Integrated steel plant based on coke blast
furnace with Imported metallurgical coal. ACINDAR and DAL-
MINE SIDERCA ave Integrated steel plents based on Olvect
Reductlion (MIDREX Process) - Electric Arc Furnace. These
plants operate basically with domestlic and brazillan iron
ores (lump ore and pellets).

Once Argentina has large amounts of natural gas and slince
It Is very easy to supply the mailn steel productlion arvea
with high grade brazilian Iron ore, both by sea and vlver
transport It Is llikely for any new Argentinian steel plant
to be based on Direct Reductlion (MIDREX or similar).

Venezuela - Durling many years SIDOR operated based on low
shaft electric furnaces - open hearth furnaces.

In view of the good lron ore deposits and the large
amounts of natural gas avallable In Venezuela, during the
70°s an Integrated steel complex was erected for the pro-
ductlon of flat and non flat produts, based on direct rve-
duction (4 HMIDREX and 4 HYL I units) - electric arc furna-
ces.,

In the same area (Cludad Guayama) of SIDOR, there Is anot-
her direct rveduction plant employing FIOR process (the
only FIOR plant worldwlde). There Is stlll another one ba-
sed on the HIB (high lron brlquette) process, but this
plant is belng modifled to MIDREX process.

Pevru - SIDERPERU operates on the following basls:

. Ironmaking - 3 rotary kilns (SL/RN), producing up to
100.000 tpy sponge lvon, and a coke blast furnace (lIm-
ported coke{.

. Steelmaking - LD and electric arc furnace steel plants.

. Rolling mill for flat and non flat products,

SIDERPERU needs to expand Its steel productlion to one mil-

llon tons per year.

Since the electric energy supply iIs critical, but theve

are pellets avallable from a pelletizing plant and consl-

dering that domestic mineral coal Is suitable for the CO-

REX process, the Pevuvian steel expansion might well be

based on the route COREX (plg lron) - oxygen steel plant.

Mexlco - Durling the 50°s there was a scrap (domestic and
Imported from USA) shortage and the HYL Group declded to
develop a direct reduction process based on the large me-
xlcan reserves of natural gas.

The result was the HYL I direct reduction process, In ope-
ration up to now but which Is belng replaced by the new
and much more efficlent HYL [II.

Sivia ' - Siria has natural gas and low grade Iron ore and
wishes to evect a steel Industry. Theve are two routes un-
der considerations for Sivian condltlons:
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COREX process with lmported coal; and MIDREX process, im-
porting certain amounts of hlgh grade lron ore to blend It
with the domestlic ore.

7.8 New Zealand - Based on the available raw materlals, ivon
ore from lron sand contalning [l and @ high volatllu hlgh
reactlvity mineral coal, N.Zealand at first dvv910de Lhe
voute vrotary kiln (oL/RN) producing DRI - tlectric Arc
Furnace steel plant. Recently the technologlical route was
shifted to Rotary klln (SL/RN) producln? DRI, hot dischar-
g?d tInto low shaft electric furnace (pig lrvon) LD steel
plant.

7.9 India - Indlia has several votary kilns in operation and
under evaction, according to the SL/RN, ACCAR, TISCO and
CODIR processes (28).

7.10 South Africa - In South Africa some good examples for the
use of non coking coal for iron and steel making may be
found. The maln plants are the followlnyg:

I5COR plant (Vanderbiljpark) - 4 votavy kilns (3L/RN pro-

cess) producing each up to 180.000 tpy DRI.

IofOR plant (Pretorla) - COREX plant for 300.000 tpy of
ga)lvon and export gas, now bvlng commissloned (January
94d
HIGHVELD VANADIUM AND STEEL CORP. (Mithbank) producing va-
nadium and steel via votary kilns (SL/RN) producing low
metallization sponge lron, hot discharged Into low shaft
electric furnaces - LD plant ‘

7.11 Mozamblque - The technological route for Ivonmaking, In a
flrst step, could be: low shaft electric furnace using Te-
te lron ore, contalining Ti and V, Tete ilneral coal and
electric anrg{ from Cabora Bassa hydrvopower plant,

In a second step for ,teelmaklng the technological route
mlght be: votary kiln producing reduced material, hot dis-

chavz(d into low shaft electyric furnace - oxygén steel
plan
7.12 Burma has iIn operation a coal based Kinglor-Metor plant

producing 20.000 tpy of URI; productlion may be Increased
by adding other modules of simllar capacity.

7.13 Many developing countries with large reserves of natural
gas, with and without own Iron ore, like Indoneslia, Iragq,
Treinldad Tobago, MNigerla, 5Saudl Avabla, Malaysla, Iran,
Egypt and Libya Installed or ave Installing steel produc-
tion based on the route gasrous veductant dlvect reduction
- electrls arc furnace,




UNIDO SSA/CLT87/047-Jul/87 0

g ang I @Y -t Dart

KFE Serglo W.G.SCHERER  26.01.88 |*™*' 48% 52

COMPARATIVE EVALUATION Or REWLY DEVELOPED
TECHNGLOGIES FOR APPLICATION IN MINI STEEL PLANTS

——e

RECOMMENDAT [ONS / CONCLUSIONS

tflany countrles have'adopted newly developed technologles
for the Installatlon of an Iron and steelmaking industry
based on domestic resources.

There are a few well-known, proven and updated technolo-
gles for the crectlon of feaslible steel plants, Integrated
or not, with relatively small scale of producllon and low
Investment.

Steel plants In developing countries should meet the fol-

lowing conditlons:

. make Intenslive use of domestic resources

. be based on proven and updated technologles

. demand low Investient

. be tallored for the domestic market with eventual sur-
pluds for export.

The investment and operatlional parameters of the different
technoloygical routes for lvon ard steelmaking are known
and allow a preliminary comparative evaluation. Neverthe-
less, for a deflinitlve comparative evaluation It Is neces-
sary to know for each speciflic case all the local parame-
ters and the financing conditions.

It Is also necessary to pay the same attentlion to the FflI-
nancing aspects as that glven to the technical and econo-
mical aspects.

Every now and agaln developing countries recelve financling
proposals for the ervection of relatively large scale
plants for export programs. Thls can be a good solution
economically, but It Is recommended that such countrlies be
careful and assure safe guarantles that the balance of
payments be positive both In the short and the long range,

It |s recommended to pay attentlion to the continuous cas-
ting systems, because theve are great Improvements taking
place regarding billet as well as slab casters (29). It Is
necessary to be aware of processes like horlzontal casting
and rotar{ continuous casting for billets and the contli-
nuou’s\G casting of strip developed by SMS - Schloemann Sle-
mag AG, :

The flirst unit for continuous casting of stvips Is under
erection at NUCOR steel plant - USA to produce 820.000 tpy
of strips with the following dimenslons: width 1.100 to
1.350 mm and thickness 50 mm (30).

This solution and others llke H3RC (hot strip reversln%
compact) developed by Voest Alpine assure that there wll
be a technical and economical feaslbllity for steelmaking
producing hot volled flat products between 500.000 to
1.0060.000 tpy.

».oooooooooooooo_oooooooooo!-
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SCHEMATIC REPRESENTATION: SC PROCESS
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SCHCMATIC REPRESENTATION: COIN PROCESS

(S

COIN

»

A 'RONORE

COtH,

—>

(€)




L _CLT 827047 July 29th 1982 1‘ |

UL PARED BT st Sl'l

KF@ S.W.G. Scherer an 26th, 1988 |SMEET OF

* COMPARATIVE EVALUATION OF NEWLY DEVELOP TECHNOLOGIES FOR
APPLICATION IN MINI STEEL PLANTS

FIGURE 8

SCHEMATIC REPRESENTATION: KAWASAKI PROCESS
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SCHEMATIC REPRESENTATION: INRED PROCESS
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FIGIRE 10
SCHEMATIC REPRESENTATION: ELRED PROCESS
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FIGURE 11

SCHEFATIC REPRESENTAT ION: SKF PLASFASHELT PROCESS
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TABLE 1
Lis1 oF THE BRAZILIAN BLAST FURNACES
Coke Basep
BLAST PIG IRON PIG IRON TOTAL VOLUME
COMPANY FURNACE T/DAY T/YEAR M
CSN AFi 2.600 841,000 1.350
AF2 3,034 885.000 1.556
AF3 7.349 2.493,000 3,815
ACOMINAS 5,300 1.930.000 2.761
CST 9,680 3.258.000 4,415
USIMINAS AF1 1.800 650.000 $85
AF2 1.750 640,000 885
AF3 5.800 2.118.000 2.700
COSIPA AF1 3.400 1,224,000 1.830
AF2 6.100 2.196,000 3,180




TABLE 2 g
BRAZILIAN PRODUCTION OF PIG IRON BY COMPANY WE
. UNIT: T
POWCS —— [ lgr7 | @78 | 1973 [ 1980 | 1981 | %2 ; 1983 | 138 | 1985 | 1885 -
ilealx
C3CE Pi6 IRON 5.537.28] §.198.938 7.281.880 7.743.887 6,425,515 6,702,699 8,091,011 10,744,429 12,131,550 12,618,396 » g lwif
ACTHINAS . - . . . . . - - 708,07 BE |[piat
¢Sy 1.590.20] 1.835.481 1.958.419 2,155.852 2,185,232 2,244,652 2,705,690 2,433,073 3,355,330 3,556,709 HE L, P
208194 1.481.857 1.904.802 2.398.718 2,631,903 2,174.666 1,745,405 2,775,519 2,741,585 2.580.033 2,14y.3uc 22| @,
i - . . - . - 135,300 2,615,563 3.146.i4i 3,339,7.2 §5 § 3
USININAS 2.455.193 2,458,655 2.924.743 2,956,134 2,065,617 2,712,632 2,474,502 2,954,266 3,050,076 2.862.609 e TN
CHARCOAL P16 IRON  3.843.001 3.844.109 4.431.53% 4,941,396 4,370,0i5 4,124,643 4,853,510 6,479,979 6,839,855 7.550.533 :g§ &
CINETAL 65.861  57.525  78.805 119,555 88,779 58,671 153,558 167,703 193,972 200,585 = 5 FE
ACZSITA 2.0.908 201,081 209,454 449,580 417,606 366,788 454,003 599,322 562,252 59..648 g :S‘ }:‘3 2
CIA.FZAR0 BRASILEIAO  99.850  104.BB4 89,282 105,784 58,901 96,117  u2,743 9w, 2u8 55,773 £6.4%6 53,* S o
CIA. 2ARBARA 101,658 99.207  1l.429 124,926 125,005 101,979  S3.976 81,387 9,845 i(9.723 28 |8
C1A. BELGO MINEIRA 568.588  600.739  57..450 650,239  7i5.199 814,272 781,588 832,809 867,346  831,u28 vr |58
Cosiv " 50,807 8.635 33.026 51.610 28,238 42,700 8,755 78,325 67,046 18,072 ] §’ - N
CIA. !0, PAINS 133,206 144,419 145.954  172,1u4 162,337 160,122 160,172 200,408 222,785 25,156 E < e
LAZERSA 31.765  39.535  33.054 45,567 41,862 40,221 35,329  Wu,4l4  40,u58 48,503 S
MAMNESYANN S.A, 382,277  397.918 40,949 23,083 411,312 359,335 347,633 539,668 561,001 685,502 N _
¥ATALPE . - 30,68 38,455  35.95 558 . . . . § g
S:h. BARRA MANSA S.A. 142,951 164,357 154,704 157,854 151,482  155.786 156,929 167,585 147,218 153,062 " |
Sio. ALIPERTI S.A. 151,084 .28.464 144,407 145,577 122,812 150,730 148,033 190,532 186,324 172,735 g
bt I
|NDEPENDENT BASUCERS 1.863.716 1,907,314 2,325,891 2,447,021 1,989,481 1,747,062 2,466,725 3,474,567 3.840,256 4.421,u83 i
2
TOTAL 9.380.372 10.043.047 11.713.414 12,685,283 10,795,530 10,827,342 12,944,521 17,224,408 18,971,445 20.i68.5%. §
M
[ 7
SourcE: CONSIDER BRAZILIAN METALLURGICAL INDUSTRIAL COUNSIL - STATISTICAL YEARBOOK - 1987 y
. [}
il




A\ ]
| TABLE 3 @a
e BRAZILIAN PRODUCTION OF PIG IRON BY PROCESS
i 01g
23 |aihs
g % . ’EN
S5 (g RS
=9
- - o L\)'Cn
UniT: 7 2S5 Be
= Y \ T ¥ T v g ﬁ Q !: '
PAESS T 1977 | 1978 ' 1979 | 1880 | 1%8L | 1982 | 1se3 . loww G 1s85 2988 5o E‘ﬁ
JLAST CURNACE 9,191,499 9.863.260 11.415.80) 12,455,557 10,571,761 10,620,427 12,702,215 16,942,82]1 18,677,984 20,023.819 E § Gé’
Coxz 5.537.281 6..98,938 7.28).880 7,743,887 6.425.515 6,702,699 8,091,0i1 10,744,470 12,131,543 12,618,035 E«Ei Iggs‘
CHARCOAL 3,654,218 3.654.322 4,133,621 4,711,680 4,lu6.2u6 3,917,728 4,611.204 6,198,351 6,546,44) 7,405,784 f[g g g';‘:-
fLecTrIC RepucTion Furnace 188,873 179,787 178,087 229,752 219,452 206,865 242,559 286,914 282,651 213,837 E% 5‘:
TITAL 9.380.372 10.043.067 11.593,888 12,685,319 10,791,213 10,827,292 12,944,774 17.229,735 18,960,635 20,267,656 . f‘ ;E
[l
>
PAATICIPATION OF EACH PROCESS = g ©
© ™
[=)
™
BLAST FURNACE 9.0 @2 %S5 9.2 8 9l s 83 85 988 é'g
(1143 5¢.0 81,7 62,3 6l.1 59,5 61,9 62.5 62.3 64,9 62,3 3 E
CRARCGAL 39.0 30,5 5.7 37.1 35,5 36,2 35,5 36.0 34,5 35,9 ;J,
£_ECTRIC REDUCTION FURNACE 2.0 1.8 S 1.8 2.0 1.9 1,9 1.7 15 el ?: —_—
S Q |
Source: IBS: BRAZILIAN STEEL INDUSTRY INSTITUTE = STATISTICAL YEARBOOK - 1981/1987 g
' a
$




TABLE

4

THE AMOUNT OF P16 IRON PRODUCED - EACH YEAR -

FOR EACH HA (10.000 M*) oF PLANTED TREES

T PI1G 1IRON/HA-YEAR

!

BLAST FURNACE ; STANDARD 1: 0> 1' mMmi1zeo
. ' l ! " 1 ' CoaL lwzcnoa
! l 0% | 353N 0! iCoaL Invection] 35 % NPO ] 35 2
Wood YiELD IJOO b4 r\PO Smea SSIPELLm'mcMPO 100 % NPO IGS:Pu.L.us‘ 65 % Puwrs
A L3S | 3,90 3,90 | 3,70 ! wio | w0 ! 4,70
$.440 K6 DRY WOOD/HA=YEAR s | 4,00 ! 4.60 l. « 4,60 ‘ 4,30 | 5.00 ! 4,50 5,50
¢ . k.60 ' 5.25 5,25 I 4,90 ! 5.75 | 5.40 ‘ - 6.30
T | : ;
A 1 5,28  6.00 6.00 | 5,60 ! 6,56 | 6.20 i 7.20
14,400 xG DRY wW0OD/HA-YEAR s | 6.2 £ 7,00 7,00 | 6.55 | 7.64 ! 70200 8.40
¢ | 7.04 1800 800 : 248 | 872 | 825 . 9,60
A 7.34 | 8,32 ‘ 8,32 i 7.80 | 9,10 : 8.60 ! 10,00 .
20.000 xG DRY WOOD/HA=YEAR 3 | 8,53 I 9,68 l 9,63 ; 9,10 10,60 ; 10.00 ; 11,60 .
c | 9.7 110.;5 10,15 t 10,40 | 32,15 1.5 | 13.40

9,440 KG DRY WOOD/HA-YEAR: ACTUAL AVERAGE PRODUCTION MEANS 23,6 STERES/HA-YEAR (STERES =M’ OF WOOD)
14,400 kG DRY WOOD/HA-YEAR: ACTUAL SUPERIOR AVERAGE PRODUCTION MEANS 36,0 STERES/HA-YEAR
20.000 k6 DRY woOD/HA-YEAR: FUTURE AVERAGE PRODUCTI'ON MEANS 50,00 sTERes/HA-YEAR

A - 0,30 T CHARCOAL/T DRY WOOD OR 3,33 T DRY WOOD/T CHARCOAL
B - 0.35 T CHARCOAL/T DRY WOOD OR 2,80 T DRY WOOD/T CHARCOAL
¢ - 0,40 T CHARCOAL/T DRY WOOD OR 2,50 T DRY WOOD/T CHARCOAL

OPTIMIZED BLAST FURNACE MEANS STANDARD BLAST FURNACE WITH RAW MATERIALS DRYING, AIR BLAST DRYING.

AIR BLAST HEATING To 1000 OC,

SINVId T33LS ININ KNI NOIIVOI1ddV

404 SIIDOIONHOIL d0T3IAIA XIMIN 0 NOIIVNIVAI IAIIVYVIKDD

MNu

8861 ‘Y192 wv

RO W

133KS




KZ?Q-S ? S.W.G. Scherer
nt

COMPARATIVE EVALUATION OF NEWLY DEVELOP TECHNOLOGIES FOR

TVl Oa0e ALRLCORONL |

rr. CLT 87/042 July 20tk 1982
v wout dave

pugramiD By

SHEET

an 26th, 1988

OF

APPLICATION IN MINI STEEL PLANTS

TABLE 5

BRAZILIAN PRODUCTION OF SPONGE IRON(DRU
PERIOD 1977 / 1986

Un

IT: T

Acos FInos PIRATINI} COSTGUA { USIBA

VEAR""SL/RN Process  |PUROFER Process|HYL 1 Process| 'OTAt

19771 18,908 | 137.629 | 201.5% |358.059
1978] 751 | sham | 196.571 {288,366
1979] 40 | 906 | 191301 324,117
1980] 50.61" | S0 amars (273
1981 s | C1 o8 [226.0%9
1982] 59550 | C 0 weraw (226.08
1083| .02 | ~ 1 29.s79 {25660
1084 ] 51,347 | C 0 ienaoh |2us.561
1985 | 45,077 | S om0 (285147
1986 1622 | 1 usiess l2es.277

Source: CONSIDER StaTtisTicaL YearBook 1987,
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TABLE 6

|086 F)l ;I C/‘ t’/‘(,l | Y AND PPODUC [ !ON*
COUNTRY. CARACITY (iiify) | PRODUCT lC"J (i)
Ar-enting 093 095
T3r 7l 032 030
f5..na 004 003
Canada 100 069
Faypt 072 003
India 030 0w
Indonesia 230 130
lian 073 000
Iraq 049 . 000
Mzlaysia 132 0.58**
Mexico 203 1.37
New Zeczland 087 026
Nigona 102 on
Peru - 010 006
Qalar ' 040 049
Saudi Arabia 080 117
South Alrica 1.1 079
Sweden 007 000
Trinidad 084 038
UK. 080 000
USA. 040 016
USSA. 1.25 075
Veneruela 450 292
W. Germany 1.28 017
TOTAL 23 62 - 1268
°'cc m shng 3rade DRI ** Eetmated

Source: Direct rromM MIDREX
1st QuarTeER 1987 VoL, 12 wRr. 1
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\ Direct Reduction Piants Producing Steelmaking-Grade DRI
' (ins:aiea or Unoer Consiruction as of June 1, 1967)
r_,l; T T ha T i s
P StartUp ! T | No. Ot TyFPe Ot | Capacity
' Year | Plant ‘ City , Country ! Process Units uel | (MTPY) l Status
. D957 1 dyca M ' \onterrey ' Mexco oML . ! Gas 010 die
| *G30 C Hylsa 2M | Monwerrey \Vexco Hyl | 1 ! F.’m 837 gonvunon
! 05?7 oamsa Veracruz ' Meaco ‘ Myu i . 3 SN 24 peraung il
bote69 | OSM ¢ Pon.and USA Miairex 2 ‘ Gas 030 Dsmantiod e .
© 1689 hyisa 1P | Puoctra © Mevco P Myl 1 ' Gas | 03 | Ciosed 2 Fl g
I 370 " Tryssea Onerhausen W Germany | Puroler 1 I Gas ; 015 Osmant'ed n o .t:i <
970 1 NZSH ;. Gleantodk i NewZealand | SUAN 1 ' Coul | 07 Operatng % R R
SoE amhRe CIETOIHE & sR g S8 o B8
197 QGS 1 corye S riarex - Ga d et
¢ 1972 Armco ' Houson . USA | Aimco Lo Gas 033 l C'ored @ :% U P
‘873 \NVL . Nagara Faus . Canada | Accar | 1 % gns'Coal ' 04 Closed a ;:3‘ g S Eh
1973 KM I Buitho ' osaly KM 1 oal B T o) Ciosed .
tora73 " Swuwece '+ Conirecoou? i Cannga i Magirx | 1 I Gas \ 040 On Stancty % :$, ‘-‘; f,
1973 L Praum v Cragueoas ) Braz . SuAN l | i Coat i oQ7? Oneraing —~ L R
1973 Juncwarn ¢+ Renom S Alnca i Coar , 1 ! (C:oal | 015 ' Ooranne = N o b
1074 i5¢ o Mor PoMoxg H ‘ : it ; ! o ~
N S R o U/ N BRI G N T S it =& | §£§
975 Sieco ., RcalLake © Canava t SLAN , ! ' Couw 035 - Closeu E g o gé
©oo78 L Anved Cremena iy KM . ‘ Coal | 0C: | Dsmantes | ey ;“ 5
1973 SMC Faiconnr.age Canada i Accar | ' I Gas'Ou | 024 1 Dismantied 3 ) R a
W% SDERCA Cumpana . Areniing Miarox 1 ' Gas i 033 | Onetaung i o = ~ ¥
‘ 2:{: ! I§1DORI : I\:n:.uvas Vinsucia PotHya! | 1 | 835 ! 83% - 8.’:01:.’.<ng ] % 8 “fo
; PR -.0° roMalang I Vongzucia oot - a ! “ neraling
: :9??’ : Cg.'.*gua ' §a:~!a Ciiz ! BL;.:&.IUC L Puioter I ' | Ol‘ls | 03::» D-sm:'\ugc i Yo =
Lar? |, NSC © oY . wapan I NSC I 1! Keeosene 915 C.osea : N
977 . SIDOA CoMalaasas L wnesaeia I Marex ‘ ! © Cas I o35 Operating 'n = S -
‘.3.’; © Sooec ;2> 1 Conirccocur Carana " Marex ' ) . Gas i 060 Oneraing a n ®
107 Hy'sa 2 L NTel ol ] Voo iyl ! Gas ; ¢ 63 Opseraling () ™
w7z | NSCO CAnvaz Eiran PopoLter : T 1 Gas I 033 1te e
© 1978 ! DRC L e ;USA | DRC b Go 006 Cosea &
1078 ' AC.NDAR . ViaCons Acentng b Maiex ! 1 Gas X 0ud Onaratng . S ¢ i
{ @3t QASCO LM Say b Qatr D Maarex v Gas i 040 | Oicnrng ' N pa
*y78 Lraxatau t Kol 3an 10008 A CoHyl | ! . " Gas 058 | Operatrg; l - -
1079 . OOR L Nawnaas . YAneAul's TN ! : s rara :
0TS ‘ ggg I l\-l:“;'l:,“'\ UK\CI‘ e k‘:.:;:g: l g g:: 0 gg ' %cc'a " ! rq‘,
1979 . Souzac ; “hor A Zubar Loing poHyL | 2 Gas G 49 Cige = "
97 Hypsa 25 Norieriey LN o Py ‘ ! Gas G25 ( Oncralng S i
el 0 ISSOT . Porilnas l T rGaa U nnorex I ! l Gas 042 { Opeavry ? 1
Y Krakdiau . Ko Baa | inEaNeha ; Hyi | ! ! Gas 057 | Oncraurg | ‘
1932 S:O0R i VooAMansas ! enerucia oyl 2 Gas 144 | Owerairg ' o
1230 Saerperu Churinole Petu 1 SuAN ‘ 3 Coat 010 Onerairg t
R ) ,  Ski L Paoncha | aa 1 SURN i 1 | Coat 003 l Oncranng l ey
oS
2
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ConTiINuUATION OF TABLE

7

Direct Reduction Plants Producing Stee!making-Gr
{instalied or Under Consiruciion as of June 1. 1987)

ade DRI

e —— &

P.ant

SKF
Noralerio
S.00R U
M.ng Corp
=asead
SCOTT
osC
K-a=aau
Hadgeed
OZINK

1Y SA 3MS
CSiL

Scaw Nietals

GI

'SCOR
SiL

V. ng Corp
OZNvK
\iSCO
Parwaja
Swseel
uSsSCO
OZMK
ANSDK
NZS 2
o
CIMK
3SIL
Sun‘ag
Scaztsa
NISCO
&S Compilex
N.SCO
NiSCO
So.gac

City
Hplors
Enuen

Natan2as \

aymo
A-Jubai
Po.n Lisas
Wan

Ko'a Baa
Al-guban
<J°s%
\.onterrey
<eorhar
Guermsion
wabuan
Vanae b park
Pa'oncha
Maymo
Kursk
Arwaz
Chukar
Vandordipark
Verceng:ing
Kurse

Z1 Owheila
G enprook
+00a

Kursk
Cranal
3handara
.as Truchas
Mobarakeh
NMisurala
Avwaz
Ahwaz
Knor A-Zubair

Country
Snoden

w Germany
Venosuele
Burma
Saua Araba
Tnead
N-gera
inConesia
Saug Araba
USSA

. Mexco

inoa

S Alnca
Maaysa
S Alnca
ng.a
Burma
USSR
Iran
Maays.a
S Arca
S A'"ca
USSR
Egypt
New Zealand
naa
USSR
nea
inc.a
Vexico
ran
~tya
iran
ran
vaq

i
|
!
'
i

Process

Pasmarea
Madrex
l‘lyg, |
KM
Adrex
N Girex
Moarex
Hyl
Mierex
Miarex
Hy Nl
Accat
ORC
Magrox
SL/RAN
SLIRAN
KM
Midrox
M.arex
NSC
DAV
USCO |
Miorex
Nagrex
SUL/RN
T.500
N.grex
SLIRN
Codw
yl L)
Vagrox
Nidrex
Midrex
Hyl |
Hyl |

No. Ot
Units

Chee D ) -4 A es e ) —

s —e

- s

PN

PN

[NYRYNY CYE WG

Type Of
Fuel

Gas
Gas
Gas
Coal
Gas
Gas
Gas
Gas
Gas
Gas
Gas
Coiii
Coal
Gas
Cca'
Coal
Coal
Gas
Guas
Gas
Coal
Gas
Cas
Gas
Coa
Ccal
Gas
Coa'
Coal
GH
Gas
Gas
Gas
Gas
Gas

Capacily
(MTPY)
007

QO

~ =0 -WwNOOO00O
OOM-=+NO—~ = 2D~
OO0 O0OoOLL -

Status
Cioseg

idie
Operaing
Cceraing
Oparanng
Operaung
Cperaiing .
Opeta'ng
Operaling
Operaing
Choeraung
Cperaing
Operating
Operalng
Operaling
Oneraing
Oporaling
Operaing
Icie

Closed
Operaung
Closed
Cpeating
Opcraung
Opcraiing
Opurain
Stan 3GTR
Uncer Cons
Under Cons
Detayed
Unger Cons
Delayea
Delaved
Delayea
Declayed

/L,

SOURCE: DIRECT FROM

MiDREX -

3RD GWUARTER

- VoL, 12 - NR. 4
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TABLE 8

ANALYSIS OF COALS USED IN
LURGI DIRECT REDUCTION KILNS

| 72 | Z Dry

I
COPANY o IMorsTiF.C. VM| Asu| S
I | R
Acos Finos PIRATINI | CHaRQuEADAS / BraziL | 9 [ 40| 25| 35 [0.4
Acos Finos PIraTINI (*) | Leao / BraziL | 15 |51 1341 1510.6
Acos Finos PiraTint (*) | Brown CoaL Briou./Gerw.| 17 | 45 1 511 4 10,3
Steer Covp. oF CaANADA | ForestBURG/ALBERTA/CAN.| 20 |51 1 40§ 9 (0.5
NipPoN KOKAN | Grose VaLrey/AustraLia | 8 158 126116 10,5
HiGHVELD S.AFRICA | GReens1DE/S.AFRICA | 3 { 54131115106
WesTern T1 Corp. AusTRALIA| CoLL1e/AUSTRALIA |22 |56 1401 4105
N.Z,SteeL Lo, | HunTLY/New ZEALAND |16 149142 9103
SIDERPERU | Coke Breeze/Peru | 1 181 3|1810.7
Sponce Iron InDIA LD, | Sineareni/InDIA | 8 14413112103
Iscor VANDERBIJLPARK | Van DyksomrT/S.AFRICA | 8 | 59 | 2% | 14 |0 6
Source: LURGI - W, ScHmaBerL paper “FLEXIBILITY OF SL/RN COAL BASED DIRECT RE-

DUCTION IN RESPECT OF RAW MATERIALS AND FUELS”,

(*) InpustrIAL TEST,
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TABLE 9

ANALYSES OF IRON ORE USED IN LURGI

DIRECT REDUCTION KILNS

CompaNy Iron ORe

# Dry

I

i FE !SIO,! CA617

OTHERS

Acos Finos PIRATINI

[T 1

ITABIRA PeLLeTs / BraziL | 67 | 2.4] 1.6]

Acos Finos Piratint (*) | Urucum Lume Ore / Brazie 169.410,5810.03]

Nippon Kokan | Waste Oxipe PeLLeTs | 55 | 4,9] 3.310.7 In
Nippon Kokan (*) | SisHen Lump Ore /S.AFricAl 66 | 2.5] 0.2]
SteeL Comp, oF CANADA | GRiFFITH PeLLeTs/Canapa | 67 | 3.4] 0,61
Hecia MininG -Core, | LeacH Resipue Pereers | 47 116,01 2,0] 1.5 Cu
WesTern TI Corp, 7AusTrRALIAl HMeniTE Conc./AusTrALiA | 301 0,81 -[ 5 T10
| ""132152
| !
HiGHVELD SouTH AFRICA | Titanirerous Maenetite | | | |
} Lume Ore } 54 { 2.1{ -: 1,7 V=05
HieHveLD SoutH Arrica (*) | SisHen Lume Ore/S.Africa | 66 | 2,51 0,2]
NZ SteeL L1, { IroN SAND CONC./N.ZEALAND{ 58 I 1.1} 0.2{ 8 T102
S1DERPERU | MarconA PeLLETS/PERU | 66 | 2,2| 1,0
Sponce Iron InpIA L1D, | Bavaram Lump Ore/Inpia | 63 | 4.5 0.1]
IscoR VANDERBIJLPARK | Sisuen Lump Ore/S.AFrica | 66 | 2.,5] 0,2]

(*) Larce ScaLe Test
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TABLE 10

COALS US~D IN THE COREX?. — PILOT PLANT UNTIL 1987 (21)

11 318, 11,8, fe ly tad roe

11t orsumpt,  Fisedcarh,  Selntfles  MCISTURE o+ S ;
(" 1) % 2l % % - 13 < < < '3 * !
EXTEELCITE D 5,000 86.1 9.2 7.5 0.8 5.1 435 243 17.0 7.6 2.1
ERTREECITE 1 1,400 90.9 © 59 S0 0.7 3.4 - z5.4  32.6 9.3 2.8 1.2
EUSTAZLIZK COAL 1,100 6s.6' 225 5.0 0.4 15.4 550  36.0 4.0 10 o7
BELCIAN €3AL 500 64.1 32.4 as 1.0 5.2 <60  34.0 1.0 2.0 1.0
N3N £CAL 1,500 4s.1 416 7.9 0.8 22.8 50.0 28.2 10.6 8.1 1.0
us €33t 1,200 57.4 58.2 5.9 1.0 7.4 36.2 22.1 17.2 5.8 a4
LI 1,000 51.7 39.0 8.9 11 15.3 55.3 30.9 8.3 0.9 0.9
TRITIET 2,700 75.9 16.4 a.s, 0.6 9.2 56.0 ac.o 6.1 1.2 cs
SCUTH &R, | 1,000 57.4 30.7 6.8 0.6 17.2 c2.8 36.9 2.5 7.0 c.9
SIUTH AFR. ' 550 55.8 32.2 7.4 1.3 17.7 40.6 26.8 19 w7 1.0
STy AL i 700 53.4 - 32.3 8.3 0.9 21.1 29.6 24.4 2.8 9.6 1.5
sesTa L 2,000 5€.9 36.2 9.0 0.6 10.9 49.3 316 13 6.1 1.5
SCITR AR, ¥ 1,900 58.3 1.2 7.5 0.6 15.3 37.9 30.2 49 1.8 2.1
BIT. COAL .
EASTERN KON, - 500 63.0 33,0 4.8 0.6 5.9 41.4 24.8 8.6 7.8 3.4
{
517, COAL, FAG 2,000 57.0 38.5 30 o059 7.3 35.9 27.3 16.1 6.2 a7
UIGKIFE COKE .
) 3,200 82.5 2.0 7.5 1.3 15.5 27.4 5.1 2.8 178 6.5
UGKITE EA1 =~ . . ’
QUETTES,GOR 500 42.9 53.8 13.0 2.0 7.1 36.6 4.2 19.9 14.5 5.1
IRASILIAR C2AL 1,500 52.8 35.6 180 1.5 17.0 54.0 23.5 8.3 1.8 0.3
ERRSILIZK CCRL 500 47.0 403 19.2 0.7 21.2 59,0 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)

TYPE fe sit, 21,0, 3] Mg ? s - Ma

% % % % % - % % %
CYAD PELLETS 65.1 4.70 0.60 1.90 0.66 0.009 0.040 0.02
1725122 PELLELS 65.5 2.22 0.52 2.33 0.30 0.024 0.009 005

WINNTAC FELUETS 65.3 5.68 0.23 0.35 0.32 - 0.005 0.040 0.14
MFI0 FELLETS - 67.1 1.20 0.40 1.10 0.80 0.015 0.008 0.04

S T2t asCl FELLETS 65.2 3.00 1.09 2.16 0.20 0.028 0.008 ' 0.03

MIKEW A

2P THE 65.4 3.17 1.14 0.35 0.13 0.034 0.005 0.25
SISHEN ' . -

Ty 2Ef 66.3 3.26 1.20 0.09 0.06 0.030 0.019 0.05
£az828

1P 23F 66.9 0.60 1.31 0.02 0.13 0.010 0.005 0.28

2USTSIAN LUW? CRE . : .
sttt 296 5,77 1.23 10.56 4,76  0.029 0.054 1.91

S'STER (GORY 50.0 11.12 2.10 12.0 2.80 0.140 0.048 0.51
SISTER [AUSTRIAN) 47.3 11.18 2.24 11.40 5.20 0.048 0.034 2.40
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TABLE 12 (20)

RETREACITE
UEIITE CHAR COAL
VIEST VIRGIIIA COAL
RUSTAALIAN COAL .
RISH VOLATILE BIT. CoAL
SOUTH AFRICAN COAL i
KICH ASN US COAL !
INOIAN cOAL i
Lsnine !
. 18 ZRASIAN CO3L Cnse

. 1 ERASINAN COAL CERS -1
33 101N COAL + Y3 COXE

60 -

W e o N B W N e

50 A

40

30 A

ASH (DRY BASIS)

QO

20 A

104 - s
O .
0 T It S A el Il S -
0 10 20 30 40 50
VOLATILES (DAY ASH FIEE BASIS) /e
Classification of coals ; /’(/,s’
for COREX--the KR p; =255 inrL>

Q...OCOOQ.OC.Q'..OOQQ’..rQO..OOO.QO........C.Q.O.
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TABLE 14

ULt ARG é@”aﬂ]@wm 6 PROCESS

P .

5
L)
.

\ Lo

K.0.R.F.,
KORF OXY-REFINING FUEL SYSTEM FOR OPEN HEARTH
FURNACES AND_OTHER METALLURGICAL VESSELS

L.QQ..Q.OO..Q.,O.C.CO..O ..QOOO..‘.........OOOQOI
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. TABLE 14 A
' = f - ' 1 : A . ~
SUBMERGED OXYGEN BLOWING FOR LOWER ENERGY CONSUMPTICN AND HIGHER PRODUCTIVITY E,i
ADVANTAGES OF THE K.O.RF. SYSTEM RESULTS ACHIEVED BY THE K.O.RF. SYSTEM @a
. IN OPEN HEARTH FURNACES
® S50-75% gectcase in encry,y consumplion Increase in melakic yield IR
@ Up 1 100% increase in productivity Bever lmperalure conlrol :umacc size (1) 30 Gg ::? 250 » o ::: '; 3 -
® U310 5P gaceuse v O; CONSUMpLon Improved COOraNAON with 419 10 1ap hme (min) 120 15 5 250 N o o iley s
s it oS Cashng Eneigy consumpiion (scall) 280000 240000 365000  430'°0__ RGN R g
Tolai 0, consumpion (Nm34) v 35 35 35 ~ N tn = Q
Hot metal (%) 70 85 60 I QD 1Y T,
S R I P
— S < LR
| = 0o e ] ~ N
. H e* p .h
S = 5
. Y =~
. A I [ IO & F,'J
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i : Lo ; " ~ e, il
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Ioay VAP 10140 MROL PVTY MY 100 19100 PRSI VY g I :
~_tesulis ~ PANS -~ resulls - OKU ) m
! 28 1 OH lurnace 100 1 OM furnace ~ !
) © over 35000 hea's ® 31001 OH furnaces in operation ?5’
| ® approx. 1,000,060 1 of sice! wih KORF. prozess § '
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COMPARATIVE EVALUATION O NEWLY DEVELOP TECHNOLOGIES FOR

TABE 15

LICENSOR: KORTEC AG
VOUR PARTNER FOR BEITER STEELMAKING

with many years experience
from its own stecl and rolling mills.

Technical description of the KO.R.F. system

The system uses a unique concepl for infroducing oxygen under the melal
surfare and theraby i improving cxidation rates and energy transfer. The
improvernents arise from the stirring of the metal bath and the increased
exposure of metal lo slag and to the furnace almospnere.

The insiallation of the necessary control system and piping can be done in

3 months without affecting normal furnace operation. The burners can be
installed within 12 hours during a nonmal furnace repair. The furnace need
not be modified.

The capital cost of the syslern is low and ils componenls are usually available
locally.

After undergoing basic Iraining in the system under the guidance of IKOSA's
experts, furnace operalors are capable within a short period of making all the
grades of steel included in their production program.

[
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TABLE 16

The Energy Optimizing Fumoce - EOF - is the new way fo make
low cost, high qualiy sicel he EOF hondles
solid, fiquid or mixed chorges with equal eose and efficiency -
- and # dcv=s not need expensive eledric energy for melfing

Process Descriplion
The ECF is 0 f.z22h fornnce for
te production of fiqud sree! with
coa! cnd orygea from vorying
rctios of ha! metal cnd serop,
combining the principies of oy
gen Llswing ond scrop picheat-
ing.
The —ain proces princgts urdes
king the EOF is to introduce oxy
genintatte bath to reudt with
cetan, erezting CO gos which s
et iaquemntly bunad 10 COy
chove the bah vathin the funace
vessel The b=ul gencrated By the
exygen readtions is eficiontly
vied to mclt szrcp that hos Leen
pre-iovsly preteated. The corbon
requred for the reaztion i, into-
duce2intothe bath ctherosa
constitsent of molien pig-ron or
e foim of sofid carbon vhich
is injected into the Lath and
rescted with Tiquid s'eel 1o create
on arificial pig-iron

Carcble oot in the woste gses
is utilzed for s'epweise pichesting
of the szrap in o refractory lired
scrop prehacter consisting of
sceesal pretecting sections ko
cotd obove the furnace rool.

nain Advaaniages
of the EOF
8 Submergad hotizontal evygen
blowing trough special tryrres
s Uze of o ziredlar shepad, com-
pond furnace in which heot
lessns nre rediced;

# 9595 ofterburning of CO 1o
CO; in 'he furnace, ranslerring
eneigy to the st.¢! both by
radiation;

# Scrap prehesting with the
FOFs kot off gosns up to
850°C and gk charging of
scrap;

8 Dxtrere PoxBility vath regard to
1t ¢ me'ollic chargo mig

& Preven high plont ovailobility;
commaiciofly pro.cn technob
ogy

8 Mirimum cmount of nurifioy
equipment, no high power
electricity dstibution syzicm, no
furnaca tilting resulting from @
speciol toj:ging device;

» Uil aton of woter-coolrd cle-
rents for vias ond roof,
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Ristory

Te devctopment wated in Aprl
1978 with the f252 iny=Taton for
subrergzd bloning in open
beanh funoces

Moy 1732 - Siewpoltie EOF
-pilot plantat Ccmponhio
S: 2cirgica Pains ICSFY, Brozd

TABE V

Jonuary 1583 - Sty
ceamercic! ECF gloat with 30
tzppireg vee ght ot CSP.

e

Janucry 1784 - ktoduction of
v ster-ccsled rook

Aqust 1584 - tt-cduction of re-
movable botiem caor for guick

May 1336 - Stot-up of mil layer
ceunte Mo sircp pretester.

141736 - fust commercial
demenatotion with 5075 scrap
cperclion

1y 1787 - Seant of i 3-scrap™
cpe-cvon vith ceal injmcton ;

ttom chenge

.

[irst EOF Siecl Plont at Commpanhia Siderurgica Pains

T, 7°ral Operelag Recults for the 30 1 EOF

Plant Des'gn Dot
faed Furroce Het Metol 550 - $Migh
Hec® Sze l 3D 1/Heat Co'd Crorge 580 - 2¥0\gh
Cepacity 202000 yeor 125 o Tzp Time 55 - 70 min.
Scrcp Pt e ter e 301 G 57 Cenrimption W00 - 500 Kealh
Hezs'Day 23 O; Crsunplion & - 75800
Quick Bomom Chonge  24h [ - 0% 3h
<00 - 500 oy

LR R Ty
v tutine Podution 107 tong

CSP: Average Norturof et por CeTpagn

e 2
per Cojpaign
0 453° 17 PER
» ’ n . ol - e 1
£
W, o, / p
/ ’ 2Ny -- e e e
0 ; ‘ A : .
P ! a 0 -
0 R S R
‘ ! 1 : . 0 - -
L 3 M :
¢ . H
120 ’ - _
‘ ; : Y ¢
[ 4 - !
ol .. g A : L ol I J
T Tios2 1483 1984 1585 1986 1987

June
“Frarholl 1582 83 &4 85 Bo 1537
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TABLE 18

Opecrating Fads & Figures
Opcrcting Prozcdure

of the EOF.

0 - 508 Screp in Chaige Moc

The EOF tcps oft Fqu d steed ca e bomom, subiegquently
certsined inthe veitel cler each baqud g.g-oais irrroduced
Leat theough a ruane:. No codl injec-

ton is requiced, only oxygen-is
intred_ced #reugh wbreiged
toyeres

Pretosted scicp s charged

to-ather with kme cnd scme cole

Cemposizon of Productan Data ot CSP with difcrent Chaige Mixes

r ] [Sad | 2aad

Ct2ye merariol igh % tgh % igh % gt %
tzsidpigwon 4750 595 5757 505 2260 00
§chd; ;won koY 20
Swop SN0 NS s3p 495 7610 700 K370 1000

11150 1000 11387 1000 1370 1000 Wa70 1000
| ARV 60 138 132 120
Colebemazeliglt 0 145 (2% 1409
Ov,zen NmM/D 777 830 980 1480
Topts t2ptime {mind 430 680 790 1000
B'2n'ng ¥ re lmind 379 30 00 850

“* Tost Heoms AT LSREUE PEF )

“15. malnpratag met 1o CSP

Scrap roio over S0%

134 hee! proctice”
Aca-stantt sid heslegul.dlent
to Ectween 20 cnd 50 per cent of
the heat v.e.ght is meintsined in
the furnoce clter t5ping.

M e iired energy is introduced
ty coal injaction thrcugh sub-
marged hyures togher with
orygen.

The pochest: 4 scrapis charged
stnpvise into e lig.d heel.

Fuinace Sizes aveiloble:
Ta;song Weight
Arnual Cepncity

Altcincfive Cupola - EOF

In cerain caies it is eccnomic olly
ofeactive to opeute 6 Cupolo -
EOF combination with 1007 cold
charge m.ateriol. The Cupolo

pig wwon repic sonts 5093 of the
charge min for the EOF in hquid
form.

301 o 100
A0 124 15 450,000 tpy
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' TABLE 19

Steel Quality Aspedts *2ccugical conrol cf phospho-  For kigh qun™, ond specic’ eel :
The EOF is g ket meking unitor  ~sond wiphurisesce™nt de moling se- andury metollury,

ol stee! gualting, top sing steel sred carton lesehs cante od- eg lefe tefining vocwum o

with 0 cheniztry typcol for com- “sted by :ubmerznd cool injec- <2335 el is reguired

Lircd Bz irg ovpgen vessels. “on. -

The foTowing ;a3 contents of EQF 221 have been mecsured:
0, <30 ppmat 0% C; N; <15 ppm; H;5-7 gemteitheut £orging)

-

r - - - - A ]
The EOF -~ an economical process Benefits
for cll routes of steclincking € for btegicted Steelmekers
The ECF can ety cpeiste with
0 crmosee sarap, e efing
2ectm =ty vith
0 Reducerd Opccting Costs —
by incres'ng the screp to-bot
metal rctio
Olkrezied Pre 3 ction -
by steiching the hot metal

woge
Olew !l estsent Costs

& for Minimill Steelmokers

AVECE matshop canbe crere
e Iwih 0% sceap, res.ng in

nPediced O; sshing Cests -
by etniastfing uie of evponsies
electiicity and ele trodes, ond
<rap 19 850 °C
ament -
Sw.iving noine levels, reduc-
e dust emissizag ond

Olewlstrent Costy

Carbon
see]

Sacondery Metollurgy l

o

Qualty Coeciol
steel seel
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FCR APPLICATION IN MINI STEEL PLANTS

TABIE 25 - ESTIMATED FEASIBILITY FOR THE INRONMAKING PLANT
Site location :

Process

Annual Cepacity:
INVESTMENT

Fix (FI): Us$ x 10* Fix per unit (UFI): US$ /t
Total (TI): US$ x 10°¢ Total per unit (UTI): US$ /t

| | 1

Consump. ]! Price ' Cost ' Per Year
U/t US$/U_US$ / £ U x 10’ ,Us$ x 10’

g !

— e - — - — — — — S - i G SRR Swwe S Smme e S e . —— o o o]

ITEM it

<

9. varmBIECOSTS 0 1 L 1 bl e
1.1 Ores

3.2 Reductiant

1.3 Electric 'Energ kh

1.5 Others (1.1+1.2+1.3)

2. FIXED COSTS
2.1 Maintaaee&let, 4% UF I

2.2 Labour 0,10 x Variable Cost
2.3 Capital - 18 % UTI

3. CREDITS.
Gas
Coal Fines

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

5. TOTAL COSTS (1 + 2 - 3)
€ -4

7. —oe-

url

— e — — —— — — — — — — — —— G — G — S — — e S e o o]
| o — — — — —— — — — — ——— — ——— —— — ——— v ——

Remarks: Date :
Exchange Rate:

Domestic Currency/US$
Domestic Currency/DM
Domestic Currency/Yen
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TABIE 20 - ESTIMATED FEASIBILITY FOR THE STEELMAKING PLANT
Site location :
Process :

Annual Capacity :

INVESTMENT
Fix (FI): US$ x 10* Fix per unit (UF7): US$ /t
Total (TI): US$ x 10* Total per unit (UTI): US$ /t
Price } Cost } Per } Year
Us$/t ,Us$ / t, Ux10® [US$ x10°
k4

Consump.

Unit
T
ITEM 0] u/t

-—

1

|

}

1. VARIABLE COSTS |
1.1 Liquid Metal I
1.2 Solid Pig Irun |
1.3 Sponge Iron |
1.4 Scrap |
1.5 Ferro Alloys |
1.6 Electric Encrgy |
1.7 Oxygen |
1.2 Electrodes |
1.9 Others 5% (1.1 +1.2+...1.86)|
I

|

I

|

!

I

I

|

I

|

|

|

|

|

.
t
t
t
t
Keh
Nﬂ3

— T — —— — — — — —
— e — m— — —— ——- — o — — o]

2. FIXED COSTS

2.1 Maintaare &Met, 4 % 1L

2.2 Labour 0,10 x Variable Cost
2.3 Capital 18 % UTI

3. CREDITS

4, OPZRATIONAL COSTS
14+ ¢2-23)-3

S. TOTAL COSTS (1 + 2 - 3)
6. SALES

6 -4
o

—— . — n v GEES mms SRR GERR S EET EEE e SmmS G G SR W W S i GEwe e s Gua e
S O —
—-—

Remarks: Date ° :
' Exchange Rate:

Domestic Currency,/US$
Domestic Currency/DM
Domestic Currency/Yen

Q'.‘....C0.0.‘O.QOO.,*Q.......O..O...Q.O..Q.....
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Table 27 - C & F Steel Plant Prices for the Raw Matorials and Main Supplies

INDUSTRIAL PLANT Mato Grosso do Sul State

(Southwest of Brazil)
- Price C € F tor the Raw Moterials and main Supplies :

Date s October 1987
Exchange Rates

Domestic currency/uU) 53,64
Domestic currency/OM 29,76
Domestic currency/Yen 0,3727

&1

Uit Price Teransport Transport Prxico :
i FOB System and Price CiF Remarks o 2
Supplies u Sourse | visu Distances vi/su yd/v E g" = E:’S‘
- O A
Highway up to 2 E ? gg
Cnharcoal | m’ |own production! 10,00 |100.km 1,00 11,00 5 § % =
. 1 Ow
Iron ore t Corumba 6,82 Railway-SOOLfm 6,70 13,52 minimum 65 % Fe =) g |7 g>
' -
Manganese E g c,
Ore t _ |Corumba 25,00 |Railway -500ikm | 6,70 31,70 E N
Ca 2
Itmestone | t [— 6,82 |Highway -300km | 8,i8 15,00 g S 8 55
g [
Quartzite | t |- 6,50 {Highway - 200km | 5,00 11,50 g § g &
< -
_ _ _ Electric Distribution s
Energy kWh_[net work 0,035 é §
g g | |
g%
| | :
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TABLE 28
Site location :
Process :

Annual Capacity:

Fix (FI): US$ 3,72

— ESTIMATED FEASIBILITY FOR THE IRRON-AKING PLANT
Mato Grosso do Sul State (Southwest of Brazil)
Charcoal Blast Furmace

62.000 tpy

x 10°*

INVESTMENT

Fix per unit (UFI): US$ €0,00/t

Total (TI): US$ 4,95 x 10° Total per unit (UTI): US$ go,00/t
ITEM {Um }Consump { Price : Cost } Per ]' Year

- YA !usslu%ussltJlegiJ‘ x 10°
1. VARIABLE COSTS | | I | 66,06 | | 4.095,72
1.1 Ores : t : 1,52 :13,76 : 20,91 : 94,24 : 1.296,42
1.2 Reductant | m | 3,5 |11,00 | 38,50 | 217,00 | 2.387,00
1.3 Electric Energy : Kvh : 100 : 0,035: 3,50 lszoooo: 217,00
1.5 Others (1.1+1.2+1.3) | | | | 3,15 | | 192,30
2. FIXED COSTS : : : :g3_!._4_1_ : : 1.451,42
2.1 Vaintarao=&Met, 4% UF I J | | | 2,40 | | 148,80
2.2 Labour 0,10x Variable Cost : : : : 6,61 : : 409,82
2.3 Capital - 18 % UTI | I | | 14,40 | | 892,80
3. crepis. R

Gas I Geal | 0,90 i 3,60 | 3,24 | 55,80 , 200,88

Coal Fines I | 0,35 I 5,50 | 1,93 | 2,70 | 119,66
4, CPERATIONAL COSTS | I | | | |

1+(2-~-23)-3 | | | | 69,90 | | 4.333,80
S. TOTAL COSTS (1 + 2 - 3) : : : : 84,30 : : 5.226,60
6. SALES | | | | 89,00 | | 5.518,00
7. 90%{.‘ i i ; i 0,238; :

i

Remarks: Date ¢ October 1987

Exchange Rate:

Domastic Curnincy/Us$ 53,64
Domestic Currency/DM 29,76
Domestic Currency/Yen 00,3727

.
.
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TABLE 29 - ESTIMATED FEASIBILITY FOR THE STEELIAKING PLANT
Site Location : Mato Grosso do Sul State (Southwest of Brazil)
EOF + Continuom;s Casting

100.000 tpy

INVESTMENT
Fix (FI): US$ 9,00 x 10° Fix per unit (UFI): US$ 90,00 /t
Total (TI): US$ 11,70 x 10°* Total per unit (UTI): US$ 117,00 /t
o ]Unit]C ! Pri 1 C I | Y
ITEM | Ionsunp.I rce| os_t:| Per ' ear
U _y Ut US$/t \us$ [t Ux10 %US$x10'

124,17 | 12.417,00

Process

Annual Capacity

1. VARIABLE COSTS

]
| I |
1.1 Liquid ketal I t | ,56 | 89,00 | 49,84 | 56,00 | 4.984,00
1.2 Solid Pig Iron | t | 0,54 |89,00 | 48,06 | 54,00 | 4.806,00
1.3 Sponge Iron I -1 -1 -1 - - -
1.4 Scrap | t | o,021l8,01! 1,7 | 2,00 | 178,00
1.5 Ferro Allovs | t | o,021l400,00 | 8,50 | 2,10 | 850,00
1.6 Electric Energy | ¥n | 45,00 | 0,035 1,58 l.500,001 158,00
1.7 Oxygen | eo® | 85,00 | 0,100l 8,50 I8.500,00| 850,00
1.8 Electrodes | I -1 -1 - -1 -
1.9 Others 5% (1.1 +1.2+...1.8)] l | | 5,91 | | 591,00
2. FIXED COSTS : : : :37,08-= :3.708,00
2.1 Miintmace &iet. 4 % FI I I ! ' 3,60 | I 360,00
2.2 Labour 0,10 x Variable Co'si:I | | | 12,42 | | 1.242,00
2.3 Capital 18 % UTIL l | I | 21,06 | | 2-106,00
3. CREDITS | | | I -1 | -
4, OPERATIUNAL COSTS : : I :140,19 : %14.019,00
S. TOTAL COSTS (1 +2-3) | | | 61,25 | h6.125,00
6. SALES : : : }no,oo : }moo,oo
6 - 4 | | | | I |
°- 2 0,255

7 T o | | | |
Remarks: Da%e ° ¢ October 1987

Zxchange Rate:

Doncstic Currency/US$ 53,64
Domestic Currency/DM 29,76
Domestic Currency/Yen 0,3727

.
.
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The charcoal blast fuinace in Brazil

Henrig1e Carlos Pleifer

1. INTRODUCTION

Th» abundant, high grade iron ore deposits as v.:ll as the
huge extention of ils territory, widely covered by tropical and
subtropical forests, are too well known characterislics of
Brazil

These features, combined with the growing demand for
on and steel and with entrepreneuriai abilities of the popula-
tion, led to the development of an important charcoal based
ron production capacity. Total oulput 1985 was 6.8 mifion
tons, 2.5 of which were exporied.

Although this branch of the Brazian iron and steel in-
duslty originated and developed in the Minas Gerais iron ore
district, up to now responsible for 85% of total production, the
recent development of the eastern Amazon region (Carajas)
and of southwestern Brazil (Mato Grosso do Sul) offers ak
conditions for a new upsurge of charcoal pig iron production,
which is fikely to double the present output within the next six

ears,

d The high grade iron produced in charcoal blast furnaces,
combined with its lower operation cost and capital invesiment,
in contrast with that of coke blast furnaces, has resulled in an
increasing demand in Brazd and abroad for this raw material.
This demand has come specifically from electric arc furnace
plants, which have lo cope with scarce, expensive and
contaminated scrap. In these plants a te :hnique has been
developed for charging up 1o 30% charecal pig iron with the
metalic burden. As a resull, there have been achieved
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 quality, non contaminated metallics, casy fo
handle and to store, both to complement the scrap supply as
well as o substitute the hot metal of blast furnaces which
have shut down.

Pig iron is an ideal product in this connection, pomtmg fo
2n increasing polential marxet for Brazifian charcoal png iron.

These fcatures explain the growing importance given in
Brazil not only lo the charcoal blast furnaces but also to the
related aclivities of reforestation and charcoal manufacture.

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

Table 1 surmmarizes 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 {olal iron
production, Output of independent plants comes 1o the
domestic market, where { covers the demand of foundries
and, on a growing scale, arc furnace based non-integrated
steel plants, or it is exported.

The growth of charcoal pig iron salcs both on the domes-

tic market and abroad seems 1o signalize a stable and long
term tendency, supported by three main faclors: the law cost
of this product; its quality; and its energy content. This '.st
faclor is assuming growing imporiance, since the energy
represented by the 4% C and 0.6 Si may be fully used
adequately equipped electric arc furnaces, leading o cor-
responding savings of electric energy. Monetary ¢xpression
of these savings is somewhere between US$ 10.00 and
USS 25.00 per ton of pig, depending on the price for electric
energy, when adding between 20 and 30% pig lo the EAF
charge (1) (2).

Tablel — Brazilian kon Production 1.0001
kon Production Charcoal Pig Iron Sales
Charcoal Blast Fumace
Coke Blast| Integrated | Independent | Dorestic
Year] Total } Furnace | Plans | Producers | Market }Expont
1986 €,170 4,141 1,895 2,133 544 775
1980112,685] 7,744 2,494 2,447 949 841
1984 117,230 10,744 3,002 3,484 952 | 2,484
1985]18,961] 12,132 3,000 3,829 1,219 | 2478

Source: BS — Statistical Yearbook 1986,

Importance of charcoal pig iron for Brazilian economy,
however, oJes far bayond the subslitution of scarce scrap
and the growing exports. The related reforestation and char-
coal production activilies are an important source of jobs in
the rural area, gencraling a safe and steady income for tens
of thousands of {amilies. The social and economic importance
of these activilies is underlined by the following figures,
showing total labor employed (3):

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

These activilies are spread over far more than 250,000 *
square kilometers retaining people on the country, in undis-
rupted social and family binding.

It is our opinion that one or the other developing country
offers conditions which are sufficiently similar to those in
Brazil, thus allowing for the installation of a charcoal-based
iron and steel induslry.

3. DIFFERENCES BETWCZEN THE CHARCOAL AND
THE COKE BLAST FURNACE
The charcoal blast furnace presents some basic differ-
ences as (o the coke blast furnace, which arise from the char-
acter of charcoal when compared to normal coke (4) (5) (6):

Temperature:
Temperalure in the reserve zone is about 150 °C lower
(800 °C as against 950 °C) in the charcoal than in the coke

chriquc Carlos Pleifor - Mochamcal and Motallurgical ngincer — Managing D:roc!or of ol KTS - Korl Tecnologia s;dcru gica len.

Technical papcr presented fo the Infernalional Conferenca of Iron and Steal Tochnalogy in Dcvolopmg Countiies, November 1986, S50 Paulo/Brazil
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‘Iast furnace. Fans:
Because of the lower density of the charcoal, the

.?esidence Time:
Residence time of the ore in the reserve zone in the
‘harcoal furnace is about half that of the coke blast furnace.

‘)te in Burden:

Since charcoal has a much lower apparent density
QmORglm’) than that of coke (540kg/m®), the volume
@:ken by the ore in the charcoal blast furnace (15%) is about

thai- in the coke olast fumnace (30%). This faclor,

ther with the differences belween charcoal and coke,
‘ccwmlortheloﬂowing particulariies.

o The charcoal blast furnace demands a highly reduc-

‘;Ie ore or agglomerate.

@ ¢ The charcoal blast fumace is less demanding in
"egard to the size and crepitation properties of the ore, since
gas flow is more affected by the reductant than by the ore.

Blast Temperature:
‘ The bizst temperature in charcoal blast furnace is kmited
around 850 *C.
Higher temperatures lead to a richer top gas, with no
@urther decrease in the “coal rate”.

*Iag:

. Charcoal blast furnace iron is known t> be of higher
grade than that of coke blast furnace, because of its lower
@suiphur content. This is particulary true in Brazil, where low
sphorous iron ore produces an iron which is low in both
ulphur and phosphorous. Furthermore, the low ash content
.(abl. 3%) reduces ihe charcoal blast furnace slag volume up
1o 120 kgn, with low baricity (usually 0,9), afloving additioral

@cnergy savings.

‘Re!raclory:
. The lower blast temperature means a lower flame tem-
perature and lower strain regarding the lining, which mzay be
cheaper quafity (50% and, in very special cases,
70% "\, 0,). As a further consequence, cooling is mited to
.shell coofing with no need of boxes and other cooling
.dev;ces. . ’

.Top Gas Temperalure:

Also the top gas temperature is lower in the case of the
.charcoal blast furnace: 90 °C to 120 °C, as against 3150 to
‘200 °C for the conventional coke blast furnace.

@ use of Sinte::

. As shown by (4), the replacement of screened ore by
sinter does not result in any charcoal savings unless the fur-

@nace is opérating in ihe so cafled “critical” productivity range
(27 to 33 t/m? -day). Even in this range, the saving is small,

Size:
® The charcoal blast furnace has an upper imit 2s to its
‘size, mainly due to low mechanical resistance of the char-
coal. There are only three such furnaces in the range of 800
.lo 1200 pd, which is the lop size. Another four or five fur-
‘naces have a capacily of 400 to 500 tpd, one of them being
the new furnace started up in early 1986 with several im-
provemurts, All others, folafling over 10G furnaces, have a
capacity between 60 and 200 tpd.,

. Blast Preheating:
The small size of the charcoal blast furnace and its fower
blast temperature make it possible to eliminale the conven-
ional stoves for biast prehealing, substilu’ing them by me-
.tamc heat exchangers called "glendons”, which cost sub-
‘ slanciafly less. The few alrcady mentioned furnaces bigger
than 400 Ipd, however are outflitted with stoves, with the
e4ception of the most modern ong, already mentioned, which
operales with glendons giving 850 °C in the blast.

®
—

permeability of the burden is better and consequently the
pressure drop through the fumace is low (3 to S m of water
column). Simple fans in senes may therefore be used to
provide the blast air, in keu of heavy blowers.

Investiment:

The smal size and simplicity of the charcoal blast fur-
nace, with &s simple air blowing and heating devices,
unexpensive instrumentation and gas washing, almost ma-
nual pig caster, simple raw material handling and storing and
low-cost refractory kning demands very low investment.

This is in the range of atout USS 50.00 to €9.00 per ton
to yearly capacity, as against US$ 120.00 to 150.00 in the
case of the conventional coke blast furnace.

4. THE CHARCOAL BLAST FURMACE

Concept

The basic concept of a charccal blast furnace plant is
shown on Fig.1, in plan vicws and section, and on Fig. 2, as
a flow sheet.

Typical parameters for two furnaces of different sizes are
as follows:

1 2
Nominal capacity tday 180 () 400.
Yearly production (fiquid) vy 63,200 140,000
Operaling days pe- year daysly 350 350
Length of campaingn years 34 4105
Relining time (tap to tap) days 20 20

(") Real production is as high as 450 tpd, with a 515 tpd record..

These are the main dimensions of the furnaces:

1 2
Hearth diameter m 2.75 420
Parallel section @& m 3.82 5.20
Working height m 14.45 16.00
Working volume m 110 250
Number of tuyeres 6 10
*Tuyere diameter mm 95 100
Top pressure m WC 1.8 3.4
.- 1 ——
Blast conditions:
1 2
Maximum flow Nmimh 10,500 28,000
Blowers in series 5 6
Power of cach blower HP 150 250
Blast pressure m WC 8.0 9.5
Blasttemperature °c 760 850

Top gas pressure shall be sufficient to overcome the
pressure drop of the venturi-lype gas cleaning plant. About
30% of this gas are demanded by the glendon blast preheater,
whercas the balance is available for use by anyheat de-
manding industry which may settle in the neighbourhood. Top
gas analysys is as follows, by volume and on a dry basis:

%
co 23 v 28
H, $ o 7
CH 1
CO, 18 © 18
N, balance

Lower healing value remains between 950 and 1,000
kcal/Nm3, Since the gas is the fuel for the “glendon” pre-
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heater it has to be cleaned 10 about 30 mg/Nm? of solids in
suspension. .

In case the excess gas is used by more demanding
constumers it vill have to be cleaned more thoroughly, up to a
level of 5 10 8 mg/Nm?, as in the case of the 400 tpd furnace
mentioned as an example. The pressure of the ciean gas
made available is between 300 and 500 mm of v:ater column.

The Furnace

The furnace (Fig.3) is of the self-supporting type, with
double bell closing, fitted valh material receiving hopper,
intermediate chamber pressure equalizing system; stock
level indicator;, aowncomer leading straight into the dust

charcoa! £ast furnace .

catcher. Coolng is eateinal by water sprays ¢istributed round
the shell, wacieas the tuyere coolng is conventonal,

The “Glendon™ Type Blast Prehcaler

The counter-flow metatlic heal exchanger called glendon
is shown in plan view and section on Fig. 4. Fucled with top
gas, the modern glendon delivers the blast at 800 to 850 °C,
with a thermal efficiency of about 60%. In order lo reach such
a performance the glendon has undergone some impro-
vermnents in design and materials (e.g. centrifugally cast
refraclory stecl pipes in the hottest zone), but there are still
many oldfashioned units with cast iron piping, defiveting the
blast with only 00 to 600 °C, at an cificicncy of not more than

CHARCOAL BLAST FURNACE
Plan View

CHARCOAL BLAST FURNACE
Section

9 - Charcoal Fnes Bin; 10 - Iron Ore Bins; 11

, Fig. 1 = Plan View and Section - Charcoal Blast Fuinace Plant

el AL RGIAMMIERLATIONAL QL L NO L OCTORFR 1987

1 - Charcoal Unloading System; 2 - Charcoal Sisrage Conveyors, 3 - Charccal Storage; 4 ~ Chascoal Extracting Conveyors;
5 - Charcoal Screening; 6 ~ Scrcened Charccal Conieyors; / - Charccal Livasuring Bin, 8 - Churoal Fines Conveyors;
Iron Ore Conveyor, 12 - lron Ore Scrcening; 13 - Add.live bins, 14 - Additive
Convcyor; 15 - lron Orn & Aduitive V/eighing Bin; 16 - Iton Ore Additlive Churge Bin; 17 - Ship Ch.wgmlg
Fumace; 19 -- Gas Cleaning; 20 - Blowers House, 21 A Prehealers (Glendons). 22 - Pig Iron Casting L achine.

—

Bucret; 18 - Blast

PR——
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40%.

Pig Casting System

Ouder furnaces use lo tap continuously, through a fore-
hearth, directly onto a manually driven casling wheel. The
noimal procedure is to tap into a ladle, conveyed by hoist 10
the casling machine, which is either of the wheel or of the
moving belt type. The newest trend goes to piglcts of about
2 kg weight, with rounded-off edges, allowing to be handled
as a bulk matenal, conveyed on bells and droppud direclly
into the ship’s hold. Granulation may also be considered, as
an alternative.

Other Aspects
For further delails refer to papers (5), (7) and (8).

5. REFORESTATION

Since 1966 reforestation is mandatory for al wood
consumers be it for charcoal, pulp, luel or whatsoever, in -
such a proportion that 50% of their demand vl be supplied by
own forests. This obfigation, fulfilled with rather varying zeal
and backed by a program of fiscal incentives, led to the im-
plantation of a total of 4.5 million hectars of forests, from whi-
ch 1.9 mitton is for charcoal production. Due to several fac-
tors, one of which is the low yicld of the older reforestation
projects developed with incipient technology (average yearly

charoos! Bhast lumace o . -

increment of 10 to 15 stcres per heclar and year, instead ol
the pltanned 25), the presemt share ol charcoal from re-
forestation in overal consumption is only 17°%, although there
are some individual companies where this rate reaches 50%.
For this reason and due to the ongoing extinction of the native
forests around the izon producing regions (Mnas Gerais and
Esp’rito Santo), a change in present regulation is anticipated,
in the sense of increasing from S0 to 100% the compulsory
reforestation. Such an cxtension would have a considerable
influence on capilal demand, both for akeady existing and
speciaf for new plants as will be seen later, in the chapler on
Investment. .

Maintenance and even expansicn of the fiscalincentives
program, which carries resources from other inveslors to the
relorestation activity, will be imperative in such case.

Reforcstation for charceal is made with different specics
of the genus “eucalyptus”, ceveloped from seeds or, more
recently, by vegetative production(“cloning”). After 8 years
a first cut is made, followed by a second and third culs in
successive inlervals of 6 to 7 years, closing one cycle of 20
1o 22 years. The average yearly increment expecled for the
full cycle falls between 20 and 25 st/ha-year bul, as alrcady
mentioned, in several older projects the yield upon the first cut
vzas far less. Therefore there is a growing tendency to reform
the forests, i.e., to substilute low yield forests without wailing
for the second and third cuts.

The cost of reforestztion is presented on Table I, being
mainly a function of the quality of soil and of the interesl rate,
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Qegsides the planting techniques, fertiziing ec (9)-
zm?lslnmaybetakenasanaveragepricebtstana\g

Since specific consumption of eucapyptus wood is
0 sUm® of charcoal, the resuling cost of wood is
4.00/m? of charcoal. .
Table B — Cost ol Relorestation (USS/st of standing wood) USS/st
: Theee cutcyde One cut cydle

(22 years) (8years)
Weak Soi | A'S23° | weak Sot Ayge.

Total Production | stha | 260 s20 | 1co 200

Increment stha-y] 11.8 2.6 125 25.0
Interest 0 1.92 0.96 400 | 200
rals 6 .66 1.83 5.92 2.96
pctiyear 10 6.06 03 7.60 3.80

.uor& without remuneration of land

.6. CHARCOAL

Charcoal is a heterogeneous material for which there are

@0 standard specifications. s quality and characteristics
pend on the kind of wood employed and on the car-
bonization process parameters, specially in regard to tem-
@perature and time. Production and consumptinn are growing

.in Brazil, as shown on Table [IL
.'I’ablel—CharwalCmsumpﬁoni\Brazi 1.000m>
From Native From % fom

Year Forests | Relorestation Total Reforestation
1976 14,044 1,456 15,500 9.4
1980 16,866 2,788 19,644 14.1
1984 24,597 5010 29,507 16.9
1985 26,636 5,501 32,137 17.1

. Source: BS Statistcal Yearbook - 1986
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The immediate analysis of charcoal oblained in wel
operaled bechive kilns is the fotiowing:

%
Fixed C - 75
Volatie Matter % - 2
Ash 3 - 5
P (as P, 0) 0.06 — 0.08

Moisture content is around 8%, going up 1o 20% in the
rainy season. Other characleristics:

Butk density (dry basis) : 200 - 280 kg/m®
Size: 0 - 10 nm : 10— 15%
10 - 50 mm : 60 - 80%
S0 — 200 m¥n : 10- 20%
Lowe: healing value
(dry Basis) : 6800 ~ 7200 kcalkg
Ash analysis (%): SiO : 15 - 25
Ca6 : 25 - 4
Mg O : 6 - 7
ALO : 2 - 4
Fe, 6, : 3 - S5
K, 0 : 10 - 15
Na,O R -
S : 0.05 - 0.06
P : 1T - 3
Volatile matter analysis (vol.%):
: 64
C : 7
CbH- 2
Co, : 9

Consumption per ton of pig iron: In the case of well-built
furnaces, with 800 °C blast temperature and adequate raw
malerial preparation, the following data are representative for
the yeardy average consumption, as referred to one ton of
basic iron produced:
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*7
m' kg (dry Basis)
Net quantity charged to furnace 290 640.0
Fines recovered 0.35 1230
Losses 0.25 350
Gross gquantity purchased 3.50 798.0

Charcoal is nomally produced in brick kiins, buk in
groups close 10 the forests and are penodically dismantied
and rehuilt in the neighborhood of the next forest ready to be
c“. -

The increqsing proportion of planted forests makes @
worthwhile to centraize charcoal production, building larger
kins or employng melalic kilns, even conlinuous ones, with
tar recovery. Investment in this case will be considerably,
higher, raising doubls on the rcturn on invesiment, besides
the rise ol some problems relating to charcoal quafty, re-
garding mainly s size 2.d friabilty.

The cost  ‘ree felling, wood transportation and pling,
charcoal manut: Cture including kiln depreciation, loading of
charcoal on trucks and general administration amounts fo
between USS 6.00 and 9.00 per cubic meter,

Transporiatior-usually by ftruck-between charcoal
manufacture and iron plant costs between US$S 2.00 and
5.00/m3, according to distance (basis: USS 0.01/m®-km).

Total cost of the cubics mcler of charcoal therefore
comes 10:

USS/m?
Wood, standing 4.00 - 6.00
Feling, charcoal making elc. 6.00 - 9.00
Freight to iron plant 200 - 5.00
Total C&F iron plant 12.00 - 20.00

At an average bulk density of 238 kg/m? this is equiv-
alent 1o USS 50.00 1o 84.00 per ton of charcoal, a range were
the market price has established itself for many years, with
strong fluctuations.

The trend, however, is towards the higher imt, as it is
being observed along the current year of 1986.

Summing it up, the technical indices are the following:

Range  Average

Steres of wood per hectar and year —
(stha-y) 12 1025 Vo]
Steres of wood per m¥? of charcoal
(st/m3) 18t 22 20
Gross charcoal consumption per t of

pig (m3A) 32t 38 35
Tons of pig per hectar and year
(t/ha-y) 43 14 3.1

This means that the production of 100,000 tpy of iron, for
instance, at a basis of 100% own reforeslation, demands a
relorested area of 32,000 ha, This resulls in a lotal dernand of
tand of the order of 44,000 ha for the sustained production of
100,000 t/y of pig iron, since the reforested area may only
cover up to 75% of the lotal available land, being the remain-
der assigned for rescrves of nalive forest, roads etc.

7. INVESTMENT

Total investment in a charcoal iron plant is composed of
three well identificd parcels: investiment in the industrial plant;
invesiment demanded by reforestation; invesiment fo be
made for cutling and handling the wood and for charcoal
manufacture,

The first parcel - invesiment in the industrial plant ~
amounts 1o USS 50.00 to 60.00 per yearly ton of capacity,
under Brazilian conditions, and has o be disbursed in a one-

charcoal blast Limace

year interval, which is the normal installation period. It has to '

be accrued by the recessary vorking capial,

The second parcel — investment in reforcsiation — has 10
be expected in a Inear distribution over a period covering the
year of construction and the fust 7 operating years of the
plant. There are two cases to consider:

i . Relccestation on a basis of 50% of the consumption, as

per the present regulation. In this case, tolal investiment
will be equivaled 1o (1:3.1):2 = 0.16 halty,
demanding the purchase of 0.44 © 2 = 022 hal-y. As-
suming that land wi cost US$ 300.00/ha ano total cost of
reforestation is USS 400.00/ha, there results a lotal in-
vestment of USS 130.001-y, to be paid out in 8 success-
ive annual parcels of US$ 16.25 each, starting from the
year of instakation of the plant,
Practice has shown that in terms of cash the industrial
operalion itself generates these resources, right from the
fxst year on, even admitling that no tax incentives are
available.

i. Reflorestation on a 100% basis:

In this case, which sooner or later will become reality, at
least in regions where native woods appsoach exhaustion,
nvestment will be twice that of case (i}: total investmenl in
reforestaton and land will be of US$ 250.00A-year, to be
pad oul in 8 successive and almost equal parcels of
USS 32.50. This amount will not be generaled any more by
industrial operation, which will cover at best USS 20.00,
leaving the remainder to be covered n the form i new re-
sources from shareholders oc from incenlives, or else by
long-term financing. Whith a view on this there are efforis
being made to develop credit fines in foreign currency with
compatible interest rates and grace period (up to 8 years).
A further possiiiily is o rent the land on a long-term basis,
such reducing own invesiment.

The third parcel, finally, corresponding to the equipment
for tree fefing and handling, charcoal making and related acti-
vilies, amounts 1o a lotal bethween US$ 12.00 to 16.007-year
for the case of 50% sellsufficiency, or USS 24.00 to 32.00 for
100%% ovm charcoal production. In both cases this investment
nas to be paid oul in the seventh year of operation of the
pant, and in terms of cash & will be paid back in one year,
with the first harvest of charcoal.

Therefore there is no soblem in funding this parcel.
Besides, the whale of these operations may be subconiracted
with third parlies, thus avoiding the commitment of own
resources.

From the loregoing the foflowing conclusions made be
drawn:
¢ Investment in the industrial unit is the least parcel of overall

invesiment in a pig iron plant; however, & has o be paid Jut
atonce, in the year of instaflation of the plant.

e At present, where only 50% of own relorestation 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 instailation of the plant.

© In the case of 100% own reforeslation, fikely o occur in the
future, industrial operation will not be abie to generate all
the cash necessary 10 cover investment in reforestation,
The inveslor will have lo be prepared to commit an addi-
fional annual sum of the order of US$ 10.00 to 15.00 per
yearly ton of pig iron, up o the seventh year of operation.

* From the eight year of oparalion onwards, when the plant.
starts 1o be supplied by its own charcoal, the return on
investment starls to be very high,

8. CHARCOAL BLAST FURNACE OPERATION

Theorclical Aspecls

Since charcoal is much more reactive than coke, the
reaction C + CO, -+ 2 CO begins around 750 lo 800 °C in
the charcoal blasl furnace, as against 900 to 950 *C in the
case of coke. This fact is responsibe for the lower lcmpera-
tuie of the thermal reserve zone in the charcoal blast furnace,
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For the same reason, the indirect reduction is more inlense
than in the coke blast fnace. Thus the lower stack height,
which is a condRion imposed by the lower mechanical resis-
tance of the charcoal, bhecomes admissible. On the other
hand, the lower reaction kinetics related 10 the lower tempera-
ture demand a highly reductible ore.

Tne low tuk density of charcoal (240 kg/m® as against
550 for coke) rnakes that about 75% of the furnace volume is
occupied by the reductant. So, the permeabilty of the t_. den
is widely determined by the charcoal, which has to be care-
fully screened (3! least at 3/87), charged in scparate Iz_ors
and should be iniform in size, which in praciice is an
impossible condition.

Since ash coatent of charcoal is very low (abt. 3%),
sulphur is nonexistent and iron ore is of high grade, charcoal
blast furnaces usually work vith a low slag voluime, in the
range between 100 and 160 kgAl of iron (as against 300 kg for
coke). Since no sulphur has 10 be removed the slag may be
acid, with a basicity ‘Ca O+Mg O o Si O, ratio) between 0.8
and 0.9, as against 1.3 10 1.4 in the coke blast fumace.

Due to all the foregoing considerations, the travel tane of
burden through the furnace is lower (4 to 6 hours) than in the
coke blast furnace. This makes the charcoal blast fuinace
very sensilive and quickly reacling to burden changes, a fact
which has to be boin in mind when operating .

Raw Malerials
The Materials Flow Chant (Fig. 5) shows a representzlive

example of materials balance for a charcoal blast fummace.
The balance is based on Braziian raw materals of the

charcoaf blast i-nace

parameters of the blast turnace, has akecady been thoroughly
examined. The other raw materials do vithout more detaled
analysis. :
Operalion. Labor

Provided the peculiarities of the charcoal blast furnace
as Ksted above are bome in mind, the operation of such a fur-
nace is easy and does not demand highly skiled kabor,
although a thorough experience is required. Main activily
arcas are charcoal unloading; raw malenial preparation and
charging; tapping and casting; mainlenance and ufities;
administration and supervision,

In the case of the 63,000 tpy plant given as an example,
the following labor would be requed for continuous 4 shilt
operation:

Charcoal unloading : 14
Raw matenals handling and charging: 16
Tapping and casting : 2
Mainlenance and utikities, lab. : 15
Miscelancous : 8
Administration and supervision : 10
Total 85

With the above crew, lotal labor amounts to about 3,3

man-hours per ton of pig iron, at a cost of about USS 5.00 per
ton under trazian conditions. Productivity is in the range of

730t per man-year.
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Fe, in the size of 1/4" W 3/4". Charcoal, which is the
weightiest raw material both for the cost and for the operating Pig lron:
ORY BASIS
tOSSES 33
IROR ORE 1530
EY 1430 7
TORE 100 L ‘2—1—\
LINES 3 ‘
SILICA __‘1
"’1 LOSSES o
CHARCOAL u_o_
nEY 80
LANGANESE ORE 30 rines hid » “ad
— — -~
SCRAP 21,3
[.Llsf FURKACE
sLae 1to
HOTY NMETAL
scaar 23 | 1027,
Line ) N 3
( —-PT toze
CASTING WACHMINE
L ]
SChar __-__!?
e AON
| . 1000
e e e
* Fig. 5 - Maicrials Fiow
ol e,
T B m c s g sl y—




\

k7] charoodl Mast fumace

ARhough pig iron specifications present minor vanations
from one market 10 the other, the nounal analysis of basic
charcoal pic won is as follows:

C 38 -42%

Si 04 -0,5%
Mn 02 -05%
P- 0.10-0,15%

S 0.05 maximum,

Foundry iwon differs mainly in Si analysis (up 1o 3.0%)
and P (down lo 0.08). s production lcads 10 a decrease in
productivily of the furnace (up lo 20%) and an increase (10%)
in specific charcoal consumgption.

The usual specification asks for pigs of 10 o 30 kg,
cican and convenient for handing, with adequale marking.
Such pigs, however, cannot be handled by bucket wheel
reclaimers nor conveyed by noimal bek conveyors. Further-
more, due %0 their weight they may not be dropped dsectly
inlo an unprepared ship hold. For this reason the trend is
towards the production of “piglets™ of 1.5 (0 3.0 kg weight and
rounded-off cocners, which improve the handling operations
also at buyers end, leading to a substancial freight reduction.
Another alternative may be the “granulation™ of pig iwon as
shown by operational lests already periormed in the country,
corroborated by extensive foreign experience.

Al present the FOB price for basic pig won is aboul
USS105.00A, whereas foundry pig ison costs US$ 6.00 to
10.00 more. Domestic price corresponds ‘o the FOB price

plus taxes.

Gas:

The surplus gas generaled by the cha ‘coal blast furnace,
afler covering the glendons’ consumption, amounts to about
1,200 Nm? per ton of iron. With a lower heating value between
950 and 1,050 kcal/Nm®, this surplus gas totals about
1.2 Gcalr, a considcrable amount of energy, equivaient to
120 kg fuel od.

The gas is fuly used in integrated plants, mzinly in the
reheating furnaces of rofing mills. It is usually wasled, how-
ever, in the case of independent blast fumaces, offering a
remarkable encrgy potential for heat demanding industries,

Operaling Cost

Under usual Braziian cunditions, as described above,
preduction cost of basic charcoal pig iron may be illustrated
as shown on Table IVIS.%0_if depreciation is added, at a rate
of 10% on fixed invesiment, the total cost comes 1o be about
USS 20,00 per ton of pig iron FOT plant,

In those cases where the surplus gas is fully used, a
credit of up to USS 8.00 to 10.00 per ton of pig iron has lo be
accounted for bringing the fotal cost fo about USS 80.00 per
fon of pig.

9. NEW DEVELOPMENTS

The new upsurge of the charcoal blast furnace which is
taking place in Brazil during the last years is giving way lo 3
search for improvements, both in process and equipment,
aiming mainly at improving energy balance and cutting
wasles.

One big wasle is stil the surplus gas of sin~'~ blast fur-
naces, which is lost 1o atmosphere in an amount of about
1.2 Gcal per lon of pig iron. Since the gas is a lean gas,
however, the only way of economic utiization is the in-
stafiation of heat-demanding induslries right aside the blast
furnace, or vice-versa. Lime calcining plants, ceramic indus-
tries, ccment and peflelizing plants are exampies of such in-
duslrics. The generation of clectric energy is still expensive
under present price condifions, bul may become a solulion in
the future,

Successhll cflods are being made 10 anprove the
glendon blast yreh :ater, in order to increase &S thermal eff-
ciency and lowe: the investment. Careful redunensionag, utd-
ization of cenliiiugaly cast skeel pipes and combustion
conlrol are some measu-es which present success.

Mention should also be made of improvernents devel
oped on the blast furnace itsel, such as a keener control of
the charge, automator, of the raw materials handing and
charging system, improved mondoning elc, which all together
help to improve efliciency and reduce costs.

The propes utlization of charcoal fines is another v:ay of
cutling wasles.

Tabic IV — Produ"ion Cost ke Basic Hot Metal

Specilic Unit | Costper

Consumgption | Price | tof pig

unht USSR| USSA

A. RawbMaterialy 72.81
Charcoal m 3.50 16.00| 56.00
kon ore t 1.63 940] 1532
Lime ana Dolomals t 0.10 8.00 0.80
Silica t 0.04 6.00 0.24
Mznganese Ore t 0.03 15.00 0.45

z

B. Labor 290 5.00
Direct Mh 0.40 1.40 4.06
Wndirect and Administative | M ] 235 o094
C. l.ﬁsce_laueous 0.10 3.60
Elecaic MWh 2500] 250

Water (1) n -
Cihers - 1.10
0. Services (9 4.00
E. Credits (3) 0.35 (2.80)
Charccal Fines ~ 800| (2.80)
F. Provisions 0.50
Provision for new kning 0.50
TOTAL - Production Cost T ean

{1) Ccstinchuded in labor and electic energy
(2) Services under contract and/or maizrials for maintenance, niernal

)] Casg&‘;!ususnotbemaedm

As already pointed out, these fines under 3/8” are being
sold at low prices as fuel. Their use in the process itself or in
new feduction processes in being the aim of many efforts.
One already proven lechnology is that of injecling charcoal
fines through the tuyeres('’.12), ACESITA, a Brazifan char-
coal based inlegraled special sleel plant, gol excellent
resulls with the process they developedt'3-19), transiated inlo
charcoal savings by climinafing the waste of f ines. No data
have yet been published, however, about the invesiment and
the overall economy of fines injection, comparing the savings
against the injection costs, such as energy for drying and
grinding, inert gas consumption, maintenance efc.

The development or adaptation of new reduction pro-
cesses capable of using charcoal fines is another possible
way for the economic uliization of this wasle product, An
example is the KR Processt'®, which is able to use direclly
the available fraction of - 3/8".

The addition of charcoal o the burden of coke blast fur-
naces, under cerlain special conditions!'®! has alicady been
tried with success.

A further important area for new improvements are the
charcoal making techniques. Tar recovery is becoming a
standard praclicei*”, aflowing the recovery of about 80 kg of
tar per ton of charcoal in brick kilns (against up to 200 kg in
conlinuous metaflic kilns), The use of ar as a substitute of
fuel oil is a proven praclice, once some corrosion problems in
the fuel and burner syslem have been overcome. The sub-
stilution rate is of 3 kg of tar for 2 kg of ofl.
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. News charcoal fumace designs also afow extensive heat
recovery™, with considerable improvement in the elficiency
@ the carbonization process. The substituiion of brick kins
by metalic ones offers a great polential for yield and cost
ovement, although for the time being the investment stilt
voes not seem 1o be compensating.
Last but not least, important improvements are under
@~ay in the reforestation activity. Some of these impro-

vements, which are brnging remarkable increases in yield®®
the followin3:
. o Genetic improvement of species

@ Reproduction by clones rather than by seeds
@  © Larger mechenization i

o Training of labor and supervision
. ® Energetic use of the wasle bomass (hranches,
‘ leaves)

ARogether, these developments show the veity of the
&razﬁan charcoal iron induslry, an example of - :uccesstul
"\dustrial activity based on renevrable encrgelic resources.
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ANNEX 2

OPERATING EXPERIENCE WITH CHARCOAL BLAST FURNACE AND
EOF STEELMAKING IN BRASIL




k‘.“.““.‘.‘...

CPEHATG EX; ERLISCE WITH CHARCCAL BLAST RURGACE AND FOF STEFIps<ING IN ETA2IL

H. © Pfrifcr - KIS [ Forf Gragp - Brazi)
0. E. Sisors - PATKS - Brazi)

T main features of the charvcal blast fumace ad the EOF prucers are rveall-
#4. The briz1lian PADMS plant s descrited, with their cucrscful cuiration of
charcoal blast furmaces and BOF steclzaking. An accaant 1s giwn on oferrational
practice, production costs ind fnvestmnt fipures,. feveral altoiretlive cuxcepts
for corbining the EOF with vduction procezses arcrmtiord, owing the wrsas-
tility of the EOF in rvgard to solid chiuge wd hot metal,

ILNTRODUCTION

In previcus prgers (1) (2) tre irportant
role of the ctucoal tlast fumace in Bricil tas
teens pointed ost. Low cost of charcoal pig from,
die to low priced raw ratvrials ad the sipli-
city axd case of cieration of the furmace, to-
geher with s purity ad gy cuntent junder
this zetallie sowce into a favorite carging
raterial for the cleciric relt shop, in pre;or-
tions wp to 30 %.

The MOF ( Zrergy Cptinizing Pumece™) an
the cthwerlad, Jovrlcied by Be ROF Grap at its
brazilian Cuswehia Siderirgica PAINS plant, is
2 corrired blow refining process eriginally ba-
sd an a 60 X hot mtal and 40 X scrap chirge.

Athsch the FOF 1S deirpg Cowwlejed into &
10 % cold ctarge wo-lting od mfining cvice,
it is idrally ruited for plints which have an a-
vailihility of Lot retal.

Stice in Trozil, ~swnl) o5 In rost dovelo-
Flrg coomilries, scop s sciice, crpersive d
irervastiegly eontaalialed, waivas ro'e sort of
real s usially avatladble, the cwrtirativn of 8
blst Nunece with an FOF presnts a hooldy solu-
ticn for rrw plants s well s for frcivnsing
ey ity of rxigting cors,

This pajer presents In o tall the Jatest
opraling dsta for this wery suco =sfull route to
steel, in a plaat wilch c¢vwolved fram 20 to
£00.000 tpy In a few yvars. It also mentions
furler ex:o7 cs of redetion procresss which fa
verably coebine with the EOF for the pre-taction
of Jowcoest billets. Such are the :=al) coke blast
fuvace, with cobination blast fumace /MIDREX
IR plant, the GE=X process, anang cthers.

The great Nexibidity of & EOF In yvgaurd
to =011 and 11Guid charge 2s well as to plint
size - ;7e the gros;ects for this process Jook
bright.

THE CHARCOAL BRLAST FUSNACE

Due to the Jow invwrnisrnt & .ovded, $tsin-
plicity of cieration and Uwm lowcest, high g
Mty frwn pre-teed, charceal tlact Qs.ces are
getting growing (rjortawe In Rrazil,

25 rzan in Tidle 1, tetal cuatpt of char-
coal fron In 1736 reihyd 7,5 rillicntons, ac-
camting furr.ie than 37 % of to7al irvn pivdice
tien in Srazf). Tr 5 this pretstion acensidera-
ble e gies to thr curt market, 23 2fown In
T.hle 2. Aut also the daretie »ornet pyeals @
tr:d of greatng &ueed Tor g fron,




Thrve edn fartors m3jort wrh grovth: Us low
co=t of this prodact; Its jurity; and its eeigy
cueint. This last fictor is rnring gr~ing
{Doctace, slnee U vy ~ ptrented by the
4% C wxd 0,6 X St 2oy b fully uwrd by ad Fuate-
1y e5ifji0d clictric arc furoovs, Ceillg W0
pruastical cavtrgs of electric errgy. Wn
Mg te tmen 20 st 20 X [g to W BAF Qouge,
oxh cwirgs ot to iesslsre letwan
ws 15,00 xd USS 25,00 jer ton of jig, Sjen-
elsg on the price for clectric erargy (4) (S).
This tends precisrly to e the coverprice xy
plant w11) be willing to [y for chcoal pig in
co.;arizon to =crap.

Ao pelinted ity T.lles 1 20 2, rtaren €2
2t 48 X of all charcen] ig !tun 1S prodaced by
o called integrated plants, shich Lmetialely
cccwert Uk lot retal into sirr). This fs the
come of v wwll-docawn 2izilion £terd plants,
which wre 1isted in Tidle 3.

Durestic sales of ctarccal pig Iron, (e the
olwr hand, ccver Uw & mod of fooulsfes and,
on a gresing scale, that of arc fursde bieed
rxs-intrgrated steel plnits, raking @ for s<rap
xrtngre kel oo ple ntling crergy doneris 2o al-
ruidy sanlicoed.

It s worahile penlioning that aw irporimt
non-integrated aoe ozze steed plaot of 1 mid-
1on tpy capv:sity Ispruzantly Lrotallirg a car-
coal blast fstece in c~ber to Borfit toth Nus
the cir—Scal erreoy and e nalpy of U hot
ge:t23, DOt to rention 2 Wop gus ripho Wich
iz a welcorw furl =35luent for nhratirg o~
fmes angd Cole rraling statioens,

S v s e ctazcoal Rlast fummace {taelf, it
rain featurer and frvestant cost, 28 =11 as
refon station and charcoal e.ovifiture, nleren—
ces (1) in3 (?) give a g reral picture. Ficue 1
$1Tustrnlers S chiiceal Blant fum.ze Goe Mg,

THE #iF FFOCESS
T FOF (g O U irir g LAIET) jrures

{3) 4z vooontinlly 20 ¢y 0 2wl bing s
uelirg ao A side blesing.

yenisiniectedlnri, A ally thih ge-
cial tyeivs Into the Lath, i cryirn S5 blown
into Uw furt ace atiestere by waler oi2le d in-
sectors, s o in Figere 2,

The procers was w e Sty o ECSF GCiogp
at 1ts brzcilan FAUS phnt, 1a Divirc;oliz,
zeate of Mirns Grrates, vith Ue 105 of ultirate
rationalizatien of thy' cgen hrarth flrice. Al-
though B eving ther great flexitility of the
H as to "Je poction of hot re-tal vd :0lids
in Qe chupe, Ut EOF Lo *rntilenlly Besivnzed
prodactivity xd nduovd cost, thras eatnly to
1tz Learmad officlency. This Is a e:ult of the
GAiriZd ure of 1o rpy S.rivd fruan e follow-
Ing iree rources:

1 . Cr=lcal crrry releied in the Lath xd on
sts greatly cxtr:rdd rurface Ly the reac-
tions Wl inkctrdonon ©d oxidizadble
clizents, freiuding atied czrbon.

11 . Cr.=ical erergy drivwd {tum U Losting of
QO v deime 2 e e Bath, within the funa-
ce atacz;hrre.,

111, S ible Reat caxrayrd by U hot games from
the furriwe to e colé sorip charg-d Into
e prvhrater.

Startirg ;- raticnal s enl ¢ 71992 and ha—
ving uybrgone rore Tortiot chiogee eomr nince,
Ty Tirct 28 t TOF of FALS tolsy t2s the follow-
ing jerfomanre:

22 hrats j=r dxy
29 &35 jrr o Ygn
1 day of salz e rarce L e en cizgsigns
12 carpRrig e T year
28 t of gvi billrts per trat
210.000 ry of good billets,

Trvse figirws are the - eult of rise im-
port.ot featoveel prows infeciivent, roovly:

. lospe vee of wituiconied lae s, which are

2 recizlly of e 0F Grogd

. YTrorien dertign of the oty pretelliee, ear-
& @ Jog Vife fur 1Y cootnstive rle-
ts, In :;ite of 2 BYO OC jurhiraling tr g
roture o3 of W atitled roaliva w Nt of
10 kg jor nirgle plree of 1 013D.

. Foavitle ficloe bottrm, oy, wrted by e
tSllemn car wich Allows atek exch o ge al the
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el of cxth e, Adpn.

. Teclal ridserped oxyp 0 tUIYS, wiiraaling
lug cugnigns.

Fipae 3 thoas the 60 t FOF it roteduled
to start ¢ ration In April 1928 at the FLLERTI
plint i oo Pilo, Brusi). Figae & pnionts
wme of Ur opviational pvuults wchifcwed in the
28 t EOF at FRINS, -

Tae cf B e levant coni o tionand produe-
ticn Intiers are e follosing, at pozeat (re-
fer:vd %0 ste=l in Yadle):

Crypn coe syt ion s 78 1@ /e
01} cecrcztion : 4,6 g/t
Frfrstary e ptian: 2,0 kg/t,  frum  which

8.5 vgft cernrvad
o formed  plecrs,
e sest te Ing fet-
VIng ratertal.

Protostivity :25,8th
Tag—~te-tag time : €5 min.
It tas tod: enrthatis i d that t2e Slave ine

¢icrz are soerigf vlve over lung oo Tatical pe-
riots, ireluting 21) nened waitling and dran-ti-
rees of an irtmirial plent. Also irzludd are
test trats ad catyxipns, which are regularly
profcred for the sike of furtter 1770w, ohils
of W proress, racinlly with the 2i- of aclde-
Ving i cmisting tode with 100 % coid charge.

PIANT COU-iNING CHAERCOAL ETLAST
"UTACE ALD FOF

The AT plint InDivine s, Tir € rals
rtate, Fraztl, §8 o far Uw oy e calining
ey w0 frvele %, @ Comditfun viich will coon
B lent, Yo, cioe of the rlartap in S ril 1088
of Yo rew 60 t FOF of A 1i-RTI in T2 Foilo,
F:o2il, Al the fellewing, thaiv fore, nlltrs
to the TAINS pl.at which, by the way, is wrll
trcan 1o cver e Rodind Trdlen aglirom and
pleat e rators, »h hooocbeen visiting 20 pliat
Lotfer practiclig Qo ECHF e pird Mosing pro-
cree at thr Gen Foarth N weer the Just
ez w0 A half jears,

Rlewnt Fralares of the Plant:

T followirg ane Ur pvlrvant foituses of
e plant:

Faast Fustiaces: Roder: 3
Irewr volizme: 110, 192 and 1250,
Presdacticn easity: 760 tpor day
270.000 tpy
Te Mviedn) g oing

w ight :j8todOt
Tep-to-tap : 2,5 toars

Eot Ya-tal Kiyer: Enldirg cigucity: 300 t rax.

EJF s rier: 1
Toaplrg e asity: 28 ¢
Frotrtion copacity: 616t porday
710,000 py

e Boarth

.

toler: 3 (2 qourating, Jstnd -
by)
Teorirg welght: 28 ¢
Froedaction eapizity: Y80t jerday
176.000 tyw

Fr-nrk: Tn May 1737 oo of the G furrores wos
diz.otled, In its ploce UV. BOF K. 2
$e bring envciled, rtriled to got on

Contin:vis Casting: Ridter of machites: 2

1e2vne Reo 3 Slronin 2
FMus t 4 m
Tillet - 1O x 122 m
is: 2 {Ploe fora 3rd)
:S5m
1120 x 10 ™M,

oot Npl 20 T

Foalution of Pl F5:

Tt 2old e jrinted catl At e 7Lt hns
Wt gt the Selleaing evolution:

Fricr to 1982: £ blast fuin..oes
36 Aurenwith b IR e lorrged
tilcaing

1r f1..7m ¢ ing me o Nine
C.;arity: ¢0(M) ¢ for yrar

Frum 1000 thooash 17870 3 blast Ny ces
’ 2 CH fuitcrs
1 FOF (28 ¢
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2CCmeting (25 2 iradk)
Capacity: 400.000 tpy

From 1988 wp to 1932 : 3 blast fumaces
2 EOF (28 - SO t)
2CCacins (2 x 3 stravk)
Capacity: €00 70 tpy

The installation of 21edle furmxce unit . s fore-
sren.

Charge Corpositian

The follawiig wes the yearly charge corgost-
tion of the mrlt shop, In 1987:

1.000 ¢t _’_
Hot mctal 241 65
Feturn scrap 26 7
Purchasnd pig 1ron/iron scrap 108 28
Total srtallic charge 3 100
Total production (steel in l:dle) 30
Awerage metallic yleld 9%

The Jow total production Isdue Wrarket reasons.

From 1928 on the charge will present the follow-

ing pottem:

' k3
Hot netal S0
Retumn scrap 7
Purchizsed pig tron/lion and steel scrap 9
Total relallic charge 100

e to FAINS Jocation, inan fron producing
region and far z-ay frum steel sorap souices,
al} purct.azrd metallies are efthur Jron sorap or
pig iron frum rearby blast furmaces.

This wil) bequite differunt in the case of
e alrvady rentiord ALIFZRTT plant, with its
60 t EOF, w*~rc the chirge will be cojused of:

100t X
Hot netal 270 60
Fetvun scrap s 8
Puictased steel scrap 144 R
Total meetallic charge 452 100

Total prodrtion (steel in ladle) 400

It thould be recalled (3) that S0 % cold
steel scrap 1s the Jimit at which carban Injec-
tion has tostart 1n arder o ofleonnt the hrat
balance.

Oge-ratijonal Prectice:

Blast fumaces are gperated ai~ing at the
following analysis:

4,20
0,60
0,30
0,14 rax.
0,02 max.

mv;gn

There are occasional fluctustions in S§,
33-n to 0,30 and wp to 1,2 X, which arc hariled
by controlling the lise a3ition in Ue EOF. P
and S suffer 2lrost no fhuctuations,

Blast furtuces are tapped at poriods of two
and ahalf hours, Intoladles ngported by trucks,
which corvey thehot netal to the oelt chop, ot
1.000 m szart - «re Fig. 5. Blast fumice kr.2,
with its 40 t tapping weight, nreds two ladles,
eah on one truck.

Kot netal §snot weigh»dbut level in the Ja-
dle gives an Indication within + -0,5 t limit.

As often 2s possible the hot rr:ta) is direc~
tly charged into the FOF or OH, after te-jes:ture
determination, since byrscing the rixer raoves
2out 80 ©C in hot rrtal wrgerature. Precise
weight is glventyweighing cclls in crane cross-
bean znd indicated at the crae display. Tn cese
of cxeess or {nmifficiercy of k' -etal In Jad-
dle, the mixer Is used forcerive. n. Ifrorr)t-
ing Nuvace §s nady 1o take e chuge 1L goes
to e mixer. As evident, e cocndivation Is
@ ~ocvd §n onder to minizize mixer ojerstion.

The ECF on ftstum is oy eviry 65 rimy-
tes, 25 an average, ad the ladle is cooveyrd to




a rinslrg station(Ar or B) and Uxen to the cas-
ting rachine. AfLer clraning and closing of the
taghole the hearth and slag Jine are fettled,
which altoprther takrsuiround 10 minutes. The pre-
b ated scrap Is Urn Cropprd ind screp for the
rext heat 15 chargrd (£ minutes). The furmace is
e ready to rcelve hotartal and start bluwing.
Usually at FAILS Uwre is a 8 to 12 min drlay,
e to lJack of ovrrhrad creme avallability. Do-
ring this tit: of} 1s teing fired Into the EOF.
After 38 to 42 mirotes blowlng tine the heat is
tapped, which tares aoler 3 minutes, totalling
the average 65 minutes tap-to-tap time.

Frolction Cost

Tables 4 and S show average unit consiomption
figures and production cost for hot retal and
ctcel In Judle, according to prusent industrial
cperation at PAIRS. Some points sheould be rerar-
kod:

. The weight of chirvcal won pig fron cost.

The ir,ortance of gas zd charcoal fine cre-

dits on pig iron cost.

. The lo« cveral) cost of steel prodaed accor-
¢ing to this route,

Buil trere are still sore {rprovecants  to
roke:

1 . In the btlast furmace arca:

- Ccal firrs injection thouagh the Wyeres

- Full use of top gas, wp to the available
1.200 1t /.

- Dehiridifyfng of the blast.

- Incivise of blzst tergerature (fro-present
£ €C to 950 oC). ’

- Irprovi-ents In blast fumace design, spe-
cially tvgarding the top.

TALS s worving on all there z;-cts, which
will firally lcad to a2 furthercertlvliction
of shout USS 10,00 for the pig iron.

§§. in the FOF:
- Slag fice typirg system.

- Line Injeotion system,

Swh frgrovinents, on which PAINS 18 working,
together with a Jadle retallurgy wnit  which
will =oon be {nstalled, wi)) furtler fmprove

preductivity and cost, which ray be rvlaend
by avout USS 3,00 to 5,00,

sone Infurmation In order to curplete the
picture: yirld In continuous casting Is wlightly
over 98 ¥ and cost of trassformation, fncluding
owitrad ad opreciation, (oounts te USS 11,40
per toof Lillet, brirging final cost of good
billets to USS 145,80/t.

Ima-st.ent:

raers (2) and {3) give come information
about Inrestnent &mind:d by chnrcoal blast funioes
and EOF*s, ramrly aboatUZ$ 60,00 jor tonof yrar-
1y capucity for the foruer and USS 40,00 to%0,00
for the Jatter, wder brazilian conditions.
k3iing the mrcr=zary infrastructure, ac wel)l as
1adle fumace sndconlirurss casting «chine, and
arcing 65 % cen hot metal, an Livestrent of
aHoat USS 130,00t0 150,00 por toncl «-7:al billet
capacity accounts for a3 coplete plent, in the
rrge betwien 100.000 &d €00.000 tpy of illrts,

auld there be no cxyzen availazble on the
rarket, an oXygen plant has to be Includ-d, Which
means arother USS 30,00 to 40,00 per .=l tan
of billet.

F-ntion has tots rode 2350 to the fmestent
derarded by refovetztion (2), «hich in Erezi)
smants to USE 130,00 fer tenof hot netal, to be
rald out 1In 8 mnrceersive armmal pacels of
USS 16,25 each, starting frunthe year of irstal-
Jation of the plant. At the rate of €65 ¥ cwn hot
retal this would add a furtler US$ 65,00 to the
r;ecific investeont per ton of billet, bringing
the gr.od total to awut USS 240,00 ger armval
ton of billet, an i.vestzent, howver, which in-
cludrs Uw oxygen plant «, In a figurative way,
the can coal rine.

AT SEBTIVE Cele TS

In the feryeing the basic cutiration of
chareral blast furtiacrs w3 NF has bren inalysed,
t24ing the rcal czssof the FALGplint, where the
charpe 18 coegoiecd of 62 K hot retal. Thiswill
drvelop into a chzrge [allem of wily 0 ¥ hot
retal brtween 1978 and 1992,

anotler caus ne nticord wos the ALITERTT[aR,
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with the ntartp sclvduled for2pri) 1968, were
U charge Is rajde p of (0 X hot zrtal wd 0 %
strel scrap.

Plants with 2100 Xhotmtal, Insites wrre
no solid charge 1z svalladle - as in w'strm and
morthem Brazi) - are of ccurse a mmat -olution,
in spite of the coxisiderille waste of mwiy Ine-
vitadly aczoriated (there 1s 2 murplus of cdemical
bhrat In Uwx FOF and all the crnciblie brat In the
off-gzers s Jost),

i1 . fral) Ccke Plast Runace / EOF

In couitries which kave nowatladbi)i-
ty of charcoal ror scrap, but which have
fron ore wadfor mireral) coal at Cwir dis-
pozal - exisple: Tivdla —, rinistee) plants
ray be concr ived basod ana wall cdke blast
fumace wd an EOF. Foper (2) memtfons the
mzin Ciffer nces tebvmen the chiscoal ad
the ccre tlist fimace, which have to be
properly taken Into ancrant wnd whileh rnder
the s=all cove Murrice srewlat core Frgen-
=ive than the charccal blnast fimace, but
sti1) within the come range of frnvectrent.
The corliration will be to a great dral st-
eflar to the charvoal blast funece case,
t-zides the g.rstion of =ulfur in the hot
zrtal, INtret e with U coke. The 1vd of
an frond culfurizirg stationwill be defined
Ly the S contentof Wy ccle, the: final profct
envirazed ard the ovp!)ability of a ladle
funvee.

i1 . Plast Purvase 5od Gz T @ Dinvet Reduc~
tion / ©OF

In the caze of avatlinl ity of bnth nam
tural g3 208 charceal {or coke), a cobi-
ration of a DR plant (MILi-X) and blast
fuinwe(s) may prove very ccowrical: by
overéite nnfenisrg the sefoiner a swplus a-
rant of redxing ;- ray te directed to
the blast fumar > ind Injected Into the
elark, thus rvdong «;-cific coal conmmp-
tion to atwait 65 %, whirrvags the blust Nur-
race top g8 ray be used as M) In the
svfoimer, with corn:;~ding cavirgs of na-
tural gas. The LOF wi)) the, be frd by 0 %
Mt aetal .nd 70 % HET (hotbriketted Sron),
Such a cambiration, which is Jikrly to tum

out exivaely economical, asks for a scale
of at lcast 05 million tons per yrar.

111. Other Hot M-tal Froducing Rrdction Pro-
cesoes [ EOF

Soveral hot setal producing r-duction
processes have been rentionsd over the Jast
yrars and ayone ray well be corbired with
an EOF. The brst loown of such processes
is certainly 2w CGEEX (KR} procecs, with one
plint belng started-up at ISCOR by the end
of 1987 and another arvtr ing vivetrd In the
United States. This Is a process muited for
cantries which have avatlability of ran—co-
king coals and are Jocking forplants in the
range of 300 to 600.000 tpy of biliets, At-
tention Las to be glven to the avallzbility
of oxygrn, abasie raw caterial for the COREX
pn:.c:ss.

The EOF willbe fedby t'e hotretal to-
goher with efther zornp or hot briguetted
irun, proficzd with the big =uplus of COREX
top gas, which 1s suited for DR,

iv . Oo0la / EOF

For very sl plants Inte rage from
S0 to 150.000 tpy of billets, in contries
with god rorap avai)abilily andbigh priced
clhectric rrvigy, the fr5tallation of a hot
tlast agolatog: ter with anfdF IS certain-
ly a zood endreeairical solution. But there
s onc Inplicit risk: as roonas the FOF mas-
trrs the 100 % cold chauge ¢perating mode
~ and B solution vers tobe fairly close -
Uwe Invectinent In the hot blast cupola widl
have leen winted.

OUTLOOK

The very cuccerzfull gjrrationof the char-
coal blast futace/EOF ccrbination at the FAINS
plint alrady led to a o cud coyany, ALTPERTI,
to drctde for an FOF. Soveral othvr alcel plants
in Rrazi) ame alro locking at the adviitiges of
Ins*alling the pruogess,

A greap of Srdeprrddent claarceal blast tur-
nace oje rators, with furriacrs located in a ro-
ajug of 2 kilame ters wdt Tium cach other, s
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prviantly contid:ring the installation of wn HOF
w1t chop In the range of 996,000 t/yrar, in or-
der to =11 billets instead of pig Iran,

Fls0 several Jocal or mrglanal micrusteel
placits, Inthe rangeof 100.000 to 200.000 tpy, are
teing analysed,  ba:ed on charcoal blast fumaces
and FOF mnlt shops.

But the EOF r.d's a good corlination with
ay bot rrtal prolsing frocres, as men from
the altrrrative cocepts presntrd love. Thaks
to its flexidbility in reprd te 1iguid &d olid
clarge even a2 cortiration of blast fumace and
a gas tnscd DR intt, with the inducrd motual ad-
vontiogrs, 1s breing exocined,

ked

~¥S 10 this wide ciectium of Intrrvsts
nd pecribilities, he FOF ray be J¢.nel at as
the rost vertstile and attractive nfining pro-

cemernticnnl mdiartion prucesses,
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TABLE 1 - BRAZILIAN 1RON PRODUCTION

I ] | |
' ch 1 BF
Year | Totar | coie oF ] Arees ~ _cnrcoad Tron
I | | ] Integrated | Indcpendent | Total Tron
| | i | Plants | Prodcers | %
1 ] ] 1 ]
1976 | 8170| 4aa | sca0] 185 | 2.134 i 9,3
1980 : 12.65: 7.744 : 4.94-1: 2.494 : 2.447 : 29,0
1984 | 17.230] 10.230 | 6.486] 3.002 | 3.484 | 37,6
1986 : 20.266: 12.618 : 7.650: 3.229 : 4.1 : 37,7

Source: ITBS - Statistical Yearbook 1967

TKBELE 2 - CHARCOAL IKON SALES
1.000 - .
] IDomesticl
_Year i Totsl | Earket lExport
| | ]
1976 | 1.3191 Sa4 | 775
1980 : 1.790 : 949 : .841
1934 | 3.425| 952 | 2.473
1286 : 3.726 : 1.356 : 2.370

TABLE 3 - DEGRATED STFEL PLANTS IN ERAZIL PASED O CHARCOAL RIAST FURIAES (1586)

T ] BF l'Cnmk_-'_ ‘S".:-e.l'l——"_l'_ ’ }

Iizne | Capncity | Capacity |Nelt Shop ] Fina) Froducts . | Frnarks
- 11000 toy)l (1000tpy) 1 3 r
ACTSITA : 600 i 750 :wllOD/EAF:!’.;fcia! steels Incluling :

1 i | lstainlcss and silicon :.‘--;ctl
1 | | |febar. Carbon steels |
IPERTI : 1
- | 0 | 2 GUEAF ISpring steels - Sectfons | 1)
praavamsa b 170 | 220 | 1o/raF IRcbar. Wire Rod. S-ctions |
+E160 mh?.!mi 860 : 900 : 134) :mn: Rod. Drawn Wires. :
CIMETAL ) 200 | 20 | LD IR bar. Light Section |
1ALERSA : 50 : 40 : oH :R'-bar :
pacEo AN | 700 | 850 | ID/FAF |Sczrless Piprs. Sgwcial suell
PAINS : 250 : 360 || CH/EOF :M:ar. Carbon Steel)s;W.Rod 1 (2)

Rexark: (1) 60 t EOF urder constnxction. Start-up Apri) 1988,
(2) Second 28 t EOF schrduled to siart-wp Frbruary 1988,
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Fig.1: Flow diagram of a Charcoal Blast Furnace Plant
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1. INTRODUCTION

The dominant mecthod to make iron and steel today is the blast furnace basic oxyvgen
furnace route. In this route a well prepared burden of agglomerated iron orcs is reduced
with high quality coke in 2 big blast furnace to make well defined hot metal which after
desulphurising treatment is blown to steel in a BOF converter.

In spitc of its age the blast furnace process has successfully withstood all auacks from
alternative processes mainly due to the considerable development which has taken part
during the last decades. Today a modern blast furnace is an extremely cfficient
computer controlled unit.

To cnsure trouble free operation of a modern blast furnace the iron ore concentrate has
to be agglomerated. Coal cannot be used as the main fuel of the blast furnace but has to
be converted into high grzde coke. The agglomeration of the ore concentrate and the
coking of the coal are costly processes, rcpresenting about 20 percent of the cost ‘of the
hot mectal produced. Furthermore to be competitive a production system based on the
blast furnace has to work on a rather large scale, above 1 to 1.5 Mt/year of crude iron.

Since the 1950s considerable efforts have been made in many countries to produce iron
on a small scale at low cost by avoiding agglomeratien and coking. The very
competitive blast furnace and the gencral decline in the production of sieel in the
industrial world have contributed 1o the fact that none of the proposed methods has ver
been rezlised on 3 commercial scale.

Despite carlier failure to achieve an economic process several processes are now under
way and closc to a commercial stage.

The economic incentives to find methods other than that of the blast furnace can be
summarised as follows:

- 1o avoid agglomeration of the iron ore concenirate;

- 1o replace the costly blast furnace coke with cheaper fuels;

- to create a process that can be economic in a relatively small scale;
- 1o have less environmental problems 2nd costs.

Earlier in this century the sponge iron processes were developed as an alternative to the
blast furnace route. However, in the sponge iron processes the reaction rate is slow and
no scparation of metal and slag takes place.  Thercfore great interest was focused to
develop a smelting reduction process where a substantial part of the reduction should 1ake
place in the liquid state. )

Historically methods have been proposed and tricd in the 1920s by Basset in a cement
kiln for production of clinkers and iron for iron making in rotating furnaces and in the
1930s by Starzelberg for iron production and of pyrite ash. .

A true smeliing reduction process was the DORED pracess developed in Sweden during
the 1960s, where iron ore concentrates were added on the top of a.coke bed floating on
molien iron and slag bath in a fast rotating converter.  The carbon” monoxide from the
reduction was complctely burnt 1o carbon dioxide with oxvgen over the bath. In spite of
low .consumption of coke the process failed due to the hecavy lining attack from
apgressive iron oxides in the very hot oxidising atmosphere. At the same time the flame
smelting method for iron making was tried at BISRA whicn also failed due to refractory
problems. Both these processes have influenced the further development of ELRED and
INRED processes.
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Daovelopment of the new gene - - . of processes that will be deccribed below staried
during the 1970s and 1980s. ‘o0 far none of ihese processes has yct come o
cummercial productuion.

2 SOME BASIC PRINCIPLES

In the blast furnace system coke from the coking plant and sinter from the sintering plant
are charged at the top of the furnace in such a way that good permeability of pas 1s
ensured.  In the blast furnace shaft the reduction and meliing of the reduced iren is
carried out more or less simultancously. in different parts of a single 1cactor, Figure ..

In most of the smelting reduction processes these reactions have heen divided into two
stages in scparate reactors, Figure 1. In the first siep iron ore oxide is prcheated and
prereduced and in the second step the final reduction and smching takes place.  In this
way it is possible 1o maintain a balance between the quantity of gas cvolved in the final
reduction, e.g. smelling reduction at 1,400 1o 1,500°C, and that required for the
prereduction of the iron oxides. Furthermore it is possible in this way to optimise the
utilisation of the reduction agent. coal.

Since the iron oxides only nced 10 be reduced to zbout 50 percent. the reduction process
is fast and the sticking phenomena normally encountered in reduction 10 sponge iron can
Le avoided. Thus the prereduction can be carried out in a fluidised bed. In this way
fine grained iron oxides can be used directly and the sintering or pelletising operation can
be avoided. The prereduction process can naturally also be carried out in the classical
and well proven shaft furnace. However, in this case lump ore must be vsed or iron ore
concentrate has 10 be sintered or pelictised before reduction.

The final smelting reduction operation can be carried out in an electric arc furnace, a
shaft furnace or a converter. In the following descripiion, the different smelting
reduction processes have been classified in the following groups:

- Methods using electric energy for final smelting
- Methods using oxvgen injection for final smelting

3. ELECTRIC MELTING OF PREREDUCED IRON ORES
The ELRED process

The ELRED process was developed jointly by the Swedish companies Stora Kopparberg
and ASEA.  The work started already in 197).  The basic idea was to use the carbon
monoxide gas formed during reduction for electric power gencration.  The process 1s
divided into three main opesations, Figure 2. In the first step the iron ore concentrate is
prereduced 10 60 to 70 percent.  In the second operation the final reduction takes place
in a2 DC arc furnace and in the third operation electric power is generated from the off
sases from the prereduction and final reduction.  The off gases can alternatively be
utilised for heating purposes in the steel plant, thus avoiding investiment in a small power
plant.

The prereduction takes place in a circulating fluidised bed which operates under a
pressure up 10 5 bars and at a temperature of 930 to 1,000°C.  Air and coal powder are
blown in to generate the heat and reducing gas necessary for the ore reduction. The
high velocity of the gas together with excess of coke particles in the bed contribute to a
uniform temperature and 1o avoid the sticking of the reduced particles.  The prereduced
ore is discharged from the bottom of the reactor to the electric arc furnace.

-¥
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The DC arc furnace, Figure 2, has the central clectrode connected to the ncgative pole of
the rectifier. The positive pole is connccted to the bottom electrode in direct contact
with the bath. The hot prereduced ore from the reactor is charged together with
suitable fluxes through the bore in the clectrode. The hot material at 600 to 700°C is
fed into the arc submerged in the slag and rapidly smelted and reduced. The foaming
slag is continuously tapped. 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
manganese cortent, around 0.05 percent, but a relatively high sulphur content.  After
tapping, the hot metal is treated in a conventional way for removal of sulphur before

stcelmaking.

Full scale tests of the final reduction stage were carried out at the SSAB Domnarvet steel
plant in 1977/1978 in a 30 t furnace. Tests of the prereduction stage were performed by

ASEA in Sweden.
The INRED process

The development of the INRED process started in 1972 at Boliden AB in Sweden with
the first aim to produce hot metal out of pyrite cinder.

The method has been developed in scveral stages and tested and adjusted in pilot plant
trials (3 t/h) in 1978 and in a demonstration plant 198271984 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 schematically 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, slag ard the electricity nceded for
the process. Iron ore concentrate is prereduced to wustite (FeO) during the flash
smelting of the concentrate using coal and oxygen in the upper section of the reactor.
In this first stage up to 90 percent of the process encrgy may be supplied. The final
reduction is made in an electric furnace, which forms the lower part of the reactor where
the balance 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 heat of these gases steam is produced in the
cooling system of the reactor which is connccted to a waste heat boiler.  Superheated
steam from this boiler is used to drive a stcam turbine generator producing electric power
for the oxygen plant, the electric furnace and auxillaries.

The construction of an INRED iron plant appears in Figure 3.  The walls of the flash
smelting chamber consists of pancls of boiler tubes.  Boiler tubes are also 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 create a vortex. A tempcrature of
1,900°C is maintained in the gas atmosphere of the chamber, where oxide materials in the
feed rapidly become molten and fall down together with some formed coke on the bed of
reacting materials floating on the top of the molicn slag and iron.

During the final reduction the temperature drops rapidly to the temperature of the bath
sbout 1,450°C. Duc to the high temperature of descending material (1,600 to 1,650°C)
the nced 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 electricity in a submerged arc furnace where
final reduction takes place. Consumption figures appear in Table L.
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The Plasmasmelt process

The development of metallurgical processes based on plasma technology started in 1572 at
SKF Hofors in Sweden. The main principle of these processes is that clectric energy 1s
converted into heat eu2igy in 2 plasma gas, independent of the gas generation.

Also this smcliing reduction process, Plasmasmelt, 15 a two stage process, Figure 4, where
fine grained iron ore conccntrate in the first ztage is preseduced in fluidised beds and
transferred with reducing gas to the final reductinn stage. This takes place by injection
of this prereduced material 10gether with coal and slag formcrs into the botte- 1 of a shaft
furnace which is filled with coke and provided with plasma burners.

The process has been tested since 1981 in pilot plants with 1.5 MW burner and a capacity
of 0.5 10 1 t/hour. In 1984 a plant was crected for upgrading of dust from steclworks.
This plant is equipped with three 6 MW plasma generators and has an annual capacity of
70,000 t/year. This autumn another plasma plant for production of ferrochromium will
be taken into operation in Sweden. This plant will produce 80,000 t/year.

The indcpendent heating by the plasma busners makcs it possible to control the
generation of gas in the final stage of reduction and optimise the utilisation of the
generated reducing gases and avoid recisculation of big gas volumes.

In the cxtremely hot gas temperature of 3,000 to 5,000°C in the plasma generator the
prereduced ore concenirate is rapidly reduced and smelted and recarburised to a hot
mctal of conventional blast furnace quality. Slag and metal are tapped in the same way
as from the blast Mirnace.

The generated carbon monoxide and hydrogen gases from the final reduction leave the
shaft at temperatures of 1,000 to 1,200°C. About 20 percent of the gas is genesated
from the cokc in the shzft and the rest from the jnjected coal.

After cleaning and cocling the gas is fed 1o the prereduction stage at a temperatuie of
about 800°C. The off gases fiom the prereduction contain 10 to 15 percent carbon
monoxide 2nd hydrogen and are used for drying and preheating the ore concentrate.

When clectricity is expensive compared 1o coal it can be preferable to replace electric
heating by burning coal with oxygen in the final reduction stage, In the tables and
figures this method 1s called "Plasmasmelt OXYGEN' Consumption figures for the
process 2ppear in Table 1. A T

4. FINAL SMELTING "rim'oucu'ox'\"cr;'n INJECTICN =t 0 s
The CORFX prorcss e T T AP AT

(‘nmmry to the prcvnously dc<cnbcd smelung rcduchon processcs \uhcrc c!cc!nc encrgy is
used more or less for-final reduction the COREX process uses heat from carbon
combustion with oxygen injected in the coke bed on the bath.  The development of this
process carhier called KR, was sl:mcd m 1917 at Kehl in \\'cst Gcrmany by Korf Stahl
AG RO _;. oy . . .. .. .
The concept of the process is also based on the two stages of reduction,” Figure 5.
Pelletised iron ore is prereduced in the first step using generated reducing gas from the
final second step.: The separating of the seducing stages m:xkcs it possible to use cheap
coal for xcnrbumauon gmfuahon and hcahng
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Unlike the carlier described Swedish processes for smelting reduction the COREX process
uses the agglomerated iron ores or lump ores of uniform grain size.  Requircments on
the properties of the ore are somwewhat less stringent than for direct reduction both
physically and chemically due to the successive smelting, which can tolerate higher
contents of small particles and gangue than normal sponge iron. A wide range of coals
has been tested from lignite to anthracite. It is preferred to use a low sulphur coal in
order to avoid ext -asive desulphurisation of the hot metal.  Stag analysis is controlled by
additives of limestone, dolomite and sand depending on the composition of the gangue.

The gas generation takes place by partial oxidation of coal in a fluidised bed over the
bath as is schematically szen in Figure 5 showing the COREX process system. To the
so-called melter gusifier the hot (800 to 900°C) prereduced iron ore from stage 1 is fed as
well as the coal and the fluxes. The reactor consists of two zones, a lower gasification
zone where the coal is gasificd and the prereduced material melted to hot metal ard an
upper zone called the calming zone where entrained dust particles settle and recirculate in
the fluidised bed. The gas is leaving at a temperature 1,000 to 1,200°C, mixed with
cooling gas to 850°C, cleaned and led to the prereduction furnace. The other products
from the reactor, hot metal and slag, is tapped from the bottom.

The prereduction furnace is a shaft furnace of a well known design within the DRI
technique.  The gas ascends counter currently through the burden, which descends by
gravity and is transferzed to the melting reactor by a controllable transport system.

Memallisation is supposed to be at feast 92 percent.

The top gas is cleaned, ceoled and often mixed with suiplus gas from the gasifier.  The
energy in the gas can be used for various energy demands as generation f dc\.mcuy
ovigen ete.  Consumption figures appear in Table I,

The COREX process secins to be the first of the modern existing smelting reduction
orocesses 1o ke applied commiercially on iron ores.  ISCOR ir South Africa has thus
decided to ¢ ot a 300,000 t/year plant at Pretoria Works which will start operation next

vear.

The COIN process

This jrocess is an example of a series of processes for =asification of coal, which also can

be used far production of hot meral through smielting reduction.

In the COIN (Cual Oxvgen Injection) process the development work started by Krupp in
West Germany in the late 1970s.  The concept of the process is to inject fine grained
coal and oxvgen through nozzles in the bottom of a converter melting prereduced iron ore
or scrap using the heat of the partial combustion of the coal, Figure 6.

The simplest possible way to combine a prereduction stage with final smeiing in the
converter is shown in Figure 6 where the gases leaving the converter consisting of carbon
monoxide and hydrogen are used untreated in a conventional direct reduction process.
Recently the main activities have been directed towards the combination of COIN with
The caleulated consumption figures appear in Table 1.

orereduction i a circulating bed.
Extensive research work is going on today in many countrics to use the principles of this
process as a general way of coal gasification.  For the moment two different groups
Kldckner-Humboldt-Deutz-Sumitomo  (MIP) and Inter Project Service-Nippon Steel
(CIG) are, indcpendently of each other, carrying out such developiment work at the
MEFOS rescarch plant in Luted, Sweden.  [n West Germany a third group Klockner
Maxhiitte CRA (KSG) has also been working along thesa lines.

HSLE/2014/5
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The SC process

The SC process is a smelting reduction process invented by Sumitomo Metal Industries in
Japan, which started their development rescarch in 1981, The SC process is divided into
two stages, Figure 7, the first of which is a conventional reduction of pellctised ore in a
shaft furnace using the reducing gases coming from the second melting gasifying stage.
This final step takes place in a shaft furpace to which coke and the prercduced hot
material from the first step are added at the top and oxygen and pulverised coal at the
bottom. )

The SC piocess can use low quality coke and has coal as the main reductant.  Compared
to the blast furnace the productivity of the final shaft is increased.  This is mainly due
1o reduced gas volumes because no direct reduction seems to take place during melting.

The process has been tested by Sumitomo in a pilot plant, where the reduction shafi
furnace and the melter gasifier were installed side by side.  The consumption figures
appear in Table L.

Kawasaki Steel has also developed a similar two stage process, Figure 8, which has been
tested at a pilot plant facility at Chiba Works in Japan.

5. TECHNICAL AND PROCESS COMPARISONS OF THE DIFFERENT METHODS

Table 11 is a2 summary of the various 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, Plasmasmelt, COIN and
Kawasaki processes can all use fine grained iron ore concentrates directly. In the
COREX and 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 COIN
concepts.

All processes can utilise non metallurgical coal, but Plasmasmelt, Kawasaki and SC also
nced coke as a filler of the final reduction and smclting shaft.  In these cases the
consumption of coke should be rather small.

The electric arc furnace is used in the ELLRED and the INRED processes for the final
smelting.  The necessary electric power is generated internally from the off gases in a
power stition close to the plant. .

A shaft furnace design is utilised in the Kawasaki, SC and the Plasmasmelt processes. In
these cases the shaft is filled with coke. In Plasmasmelt and Kawasaki the prereduced
iron ore concentrate is injected through tuyeres at the bottom of the furnace where it is
melted and carburised to form hot metal. In the SC process all the prereduced iron ore
is charged at the top of the shaft. In the Plasmasmelt process the cnergy is supplied
through the plasma unit whereas in the Kawasaki and SC the energy is created by
burning coal with oxygen. In the Plasmasmelt Oxygen part of the electricity is replaced
by burning coal with oxygen. ’

The COIN process uses a converler type furnace where energy is supplied by burning
oxygen with coal. Oxygen is supplied cither by blowing it on to the bath or through the
bottom of the furnace. In the COREX process the smelting and gasification takes place
in a reactor that-has similarities fo the bottom part of a blast furnace. .
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In order to compete, the necessary downstrcam processes must not be more expensive
than those in the blast furnace basic oxygen furnace route.  This is also the case for all
the described methods.  The necessary treatments of the hot metal depend solely on the
qualities of ore and coal, as in the blast furnace route.  Thus desulphurisation is
necessary in most cases,

In the ELRED and COIN processes the produced hot metal has a very low silicon
content, thas a slagless steelmaking practice will follow. which will 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.

Energy requirentents

Table 1V shows the energy consumption in the different processes. As can be seen all
the processes have the same order of magnitude of energy requiremeats as that of the
blast furnace.

Most of the processes produce excess gas with high calorific value. To get the process
economic this excess 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 clectricity is used for final smelting, coal is the primary source of energy.

Capital requircments and scale factors for process equipment

As the new smelting reduction processes are independent of coke oven plant and in most

. cascs 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
aencrally is considered to be around to 1 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 a2 one unit plant above I Mt. For capacities 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 above 0.5 Mt annual capacity. -

In the analysis below, the capital expenditures needed for the smelting reduction
processes are bused upon information from the equipment suppliers.  Strictly the costs
are valid for the country of process origin only. It is reasonable to assume that these
costs are more rcliable for the processes which have been extensively tried in pilot or
demonstration stages than for those who have not yet reached these development stages.

It shonld be poinicd out however that, in general, suppliers are known to underestimate
when quoting for capital budget figures as compared to the figures they give as firm
quotations.  Also there is a tendency to underestimate the cost for ‘services and anti-

polfution mcasures.

Assumptions about equipment productivity is another important factor and only full scale
operation can give reliable data, The capital expenditure for the conventional blast
furnace route as well as -equipment nceded for BOF steclinaking are based upon latest

experience.
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The capital expenditure necded 1o build a | Mt inicgrated steel plant in the Antwerp,
Rottcrdam, Amsterdam area (ARA) is shown for the various processes in Figure 9. The
Plasmasmelt route has lower investment costs than the other processes mainly because no
equipment for electric power genesation is included and because the low consumption of
fossil fuel means that there are only small volumes of gas to be cleaned. Also the COIN
process claims low investment cost. This is due to a simplificd stcelmaking plant, which
can be built because of the low carbon content in the hot metal. The COREX proccss
has investment cost for agglomeration but needs no extcrnal dcsu!phunsahon umt.

Itis clcarly shown in Figure 9 that the disadvantage frecm the mveslmcnt pomt of view
with the blast furnace-BOF route is the cost for agglomeration and cokemaking plant.
The smelting reductions units on the other hand, with the exception of the Plasmasmelt
route, have high cost for oxygen plants,

However it is interesting to note that the invesiment cost for the reduction unit itself i
lowest in the blast furnace-BOF route. Thx; a_blast furnace costs less to build than the
smelting reduction units.

The total investment cost for the integrated blast furnace basic oxygen furnace system is
about 340 to 360 USS/annual tonne of steel as compared with 240 to 330 US$/annual
tonne of stcel for the smelting reduction routes. These costs refer 1o a unit size around
1 Mt/year. -

To obtain investment values of cquipment sizes which differ from the normal size, the
2/3 rule has been used. The estimated cost of investment (l ), at a selected capacity (V )
is then calculated by the known investment cost (l ) at a glven capacny lV ) accordmg to
the formula: : .

. 2/3
=5,/ v,

. -

The calculated capital cost per tonne of liquid stcel for the various processes as a
function of scale is shown in Figures 10 and 11 for ARA location. .- The discontinuities
in the curves indicate that an additional smelting reduction unit has been added to the
system. In the blast furnace-BOF route it has been assumed that a second bl:lst furnace
1s added when the capac:ty increases abme approxnma(ely 2 Mt/)ear. Tl
Figures 10 and 11 show that \xhen lhe scalc increases lhe capual cost per tonne of hqund
steel becomes lower for the blast furnace BOF route than for the smelting reduction
routes.  An’ exception to this is the COIN proccss “here (he Iow ~ oital mvestmen(

)nclds a low capnal cost per tonne. . A DR

For capacmcs below l 5 M :mnual tonnes all lhe smclhng rcduchon routcs have somc“hat
lower capital costs than the corresponding blast furnace-basic oxygen furnace route. It
has to be stressed at this point however that most investment data for the smcltmg
rcducuon proccsses are based on estimates only. I LA JEERRI A

.- : P e .
. ° . . . L . o .. ’ - PRy Tl d . . Jeea T -
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6. MAXNUFACTURING COST COMPARISONS

In Figure 12 a total manufacturing cost comparison for the production of liquid steel has
been made between the different smelting reduction processes and the blast furnace basic
oxygen furnace route.  The calculiated manufacturing cost is the sum of raw material
costs, operating costs and capital costs, including depreciation and interest. In each case
the calculations have started at the stage of iron ore concentrate and coal and finished at
the liquid stecl stage.  That nvcans that the cost of agglomeration as well as coking,
desulphurisation, ctc. are all included when it is necessary for the process route. In the
case of the Plasmasmelt and SC process the limited amount of necessary coke is supposed
to be bought at a price which cquals the cost of manufacturing coke in a 700,000 t/year
coke plant. Consumption figures for raw materials, labour, etc. for the different
processes are given in Table 1. The corresponding data for the blast furnace are mainly
taken from operational data at Nippon Steel Oita plant for a sinter charged furnace and
from SSAB Svensket Stdl, Luled plant for a pellet charged furnace. The unit costs for
raw materials, labour and other cost elements, which are listed in the appendix are based

upon price and dollar exchange rate at April 1, 1986.

The calculations are made for locations in ARA, Tubario and Tokyo Bay. Costs for
repair and maintenance have been assumed to be 4 percent of the investment cost for the
equipment. Cost for overhead, research and development have been assumed to be
65 percent of direct labour. In ARA and Japan the capital charges are based upon
discount + 5 percent as shown in the appendix. That means an interest of 9.5 percent in
ARA and 9 percent in Japan. In Brazil an average rate of interest is estimated to be
15 percent, 9 percent from the World Bank and 21 percent from the international capital
market. The depreciation of fixed assets is 12 years. Capital charge for current assets
are based upon nccessary raw materials and other inventories for two months of
operation.  Investment costs are calculated for the volume needed in each step of the

different rcutes. )

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 calculations. Local conditions for how to utilise the
excess gas can vary greatly. In the calculations the excess gas has teen priced according
to local credit value per GJ for BOF gas.

As can be scen in Figure 12 at the ARA location the total cost of production in a I Mt
plant varies very little between the various routes and are within the limits of
uncestainties in the calculations. At the przsent stage of development and knowledge it
thus is nmpossible to differ tetween the various routes based upon economic calculatiors
only. However, as expected when the plant size decreases as shown in Figures 13 and 14
the smelting reduction process will give a lower man-ifacturing cost. In the most
favourable position, that is at a low annual tonnage around 500 kt, the INRED route
which has the lowest cost, give a manufacturing cost which is 15 percent below the cost

for the blast furnace route.

Also for location at Tubario, Figure 12, the various routes give, in a | Mt plant,
manufacturing costs which are close to each other.

On the other hand in the Tokyo Bay location, igure 12, with very high cost of
electricity (alimost double that of ARA and Tubardo) and high local value of credit gas,
the Plasmasielt and COIN give significanily higher costs for liquid steel than the other
processes. The present situation in this location is such that the generated excess gas can
be utilised in production of electricity in a2 way which is favourable from the economic

point of view, :
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It is interesting to note that Figure 12 also shows that for the classical blast fuinace-basic
oxygen furnace route the calculated costs of steel production are approximately the same
in Tokyo Bay as in the ARA location, 175 USS/t of liquid steel. In Tubario on the
other hand the cost are significantly lower, 165 USS/t or 6 percent.  This difference will
be 19 percent if capital cost for investment is excluded. Cost of raw material and
manpower are the most important factors explaining this difference between Tubario
(FOB location) and ARA/Tokyo Bay (CIF location).

When the different smelting reduction methods are compared to cach other, consumption
of raw material, labour, eic. are approximately the same for all the different methods.
Of greater influcnce are local factors like availatility of and price of coal and electricity.
Figure 15 shows that when cheap clectricity from hydroclectric power or atomic encrgy is
available, Plasmasmelt, which has an optimal use of encrgy within the process, should
have good prospects of success. In a country where cheap coal or other fossil fuels are
available but the price of electricity is high, ELRED, which yiclds electricity as a by-
product should be competitive. INRED and COREX, which are also coal based in this
respect occupy intermediate positions.

If a situation of over capacity exists the introduction of 2 new iron and steclmaking
process has to meel very tough economic criteria. Thus the cost of production including
capital cost for the new process, has 10 be lower than the cost of production excluding
capital cost for the existing process. Figure 16 clearly shows that if this factor is taken
into account it is, in the present situation, impossible for the new smclting reduction
processes to compete with the classical blast furnace basic oxygen furnace route in the
locations investigated.

If any of these new methods are going 10 be introduced there must be other local reasons.
Such a reason could be availability of local non coking coals, cheap electricity, desirable
increase of mzrginal tonnage of liquid hot meral, gas generation, etc. Building a new
coke plant in an existing steel plant, for instance, rcquires much capital and gives
pollution problems. IHcre a smelting reduction unit can be a solution if hot metal can
also be used.

For instance the decision to build a COREX unit of 300,000 t/year in South Africa was
due to several factors, like the availability and cost of coking coal as opposed to the
ready availability of low cost non coking coal with a high ash content, the nced for a
substantial supply of fuel gas at the particular works, pollution control requirements and
the nced to augment the scrap charge with a virgin Fe source.

7. SMELTING REDUCTION IN COMBINATION WITH SCRAP MELTING IN THE
FELECTYRIC ARC FURNACE

Tt should also be mentioned that one field of application for the new smelting reduction
processes could be in comtination with an electric arc furnace to produce sicel from
scrap to liquid metal. Such a mixed process where the arc furnace is fed with liquid
metal low in sulphur and silicon could be economic even on a small scale. By
comparison with cold scrap charging only, this offers a substantial increase in
productivity of the clectric arc furnace and hence lower power and electrode costs.

Many electric arc operators are facing increasing tramp clement problems and a source of
liquid iron will assist them in diluting these elements,

The mixed processes also have quality advantages duc to the heavy boil that occurs

during decarburisation. Thus the manufactured steel can be used for a wider variety of
products, )

11ISI/E/2014/10




Such a plant built for utilising cheap purchased scrap and liquid metal will probably be
very economical on a scale much below 0.5 Mt a year. It could be a strong proposition
in an arca with shortage of quality scrap. By changing the ratios between hot metal and
scrap the mixed process also gives an inleresting economic way to out balance the
frequent fluctuations in scrap prices.

8. FINAL REMARKS

A number of smelting reduction processes exist today as pilot and demonstration plants
i.e. ELRED, Plasmasmelt, INRED and COREX processes. Besides thcse there are also
processes that exist at concept or pilot stage, for instance COIN, SC, CIG, MIP, KSG and
Kawasaki processes. So far none of these projects have yet reached the commercial
stage for iron ore reduction. One of the processes, COREX, will be in operation next
year with a rated capacity of 300,000 t/year. A Plasmasmelt unit of 70,000 t/year is in
operation for upgrading of stcel furnace dust to metals and another Plasmasmelt plant for
production of 80,000 t/year ferrochromium will be in operation this fall.

One of the mzin objectives with these processes is to bypass the coke oven and mainly
utilise cheap non coking coal and also to have a high degree of flexibility 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 process 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 Tubario in Brazil the cost of
manufacturing liquid steel by the smeltmg reduction route is somewhat lower than for the
classical blast furnace basic oxygen furnacz route, when the plant size is smaller than 1 to
1. Mt/year steel. It must be pointed out however that the difference is small and
considering the uncertainties in the basic data regarding equipment productivity,
refractory and fuel consumption and capital expenditure in the new processes, the
difference is probably within the error of the calculations.

However, the difference will increase for small plant sizes. At a plant size of
500,000 t/year and in the ARA location this differcnce to the blast furnace route for the
smelting reduction process yielding the lowest calculated manufacturing cost, is calculated
to be approximately 15 percent.

Within the various smelting reduction processes themselves the difference is small in the
ARA and Tubardo locations, In the Tokyo Bay area greater difference exists due to
high cost of electricity.

Local conditions may vary substantially and thus favour one or other of the processes.
In countries with cheap electricity Plasmasmelt should give the lowest manufacturing cost.
On the other hand coal based ELRED should have good prospects in countries with cheap
coal and high electricity prices. The INRED and COREX processes which also are coal
based hold, in this comparison, intermediate positions.

The cconomic calcuiativas clearly show that it is not possible for the new smeclting

reduction processes to compete with the already existing modern blast furnace-basic
oxygen furnace system, as in this case the capital cost for the existing furnace can be

1ISI/E/2014/11
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disregarded (sunk cost). ~ On a short term basis in the present situation of over capacity
it is therefore hardly expected that any of the new processes will be built in the
industrialised western world.

However, when new investment in stcelmaking capacity are planned the ncw processes
will have a possibility to be realised when plants of low capacity are built. One cxample
could be a coal and iron ore based mini mill.  Also in combination with electric arc
furnace steelmaking, hot metal from a smelting reduction unit could replace part of the
scrap. It is also possible that when old capacity is going to be replaced local conditions
in an cxisting steel plant could favour the building of a smelting reduction unit.

Today pilot plant and demonstration plant data exists for some of the processes.  Only
full scale plant operation however can definitely show whether the smelting reduction
processes in the long perspective will be a successful competitor to the blast furnace
route.
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"HE CALCULATIONS

Exchange rates of some
currencies April 1, 1986:

Depreciation period:
Stock turnover:

Official discount rate
April 1, 1986:

Interest rate
for the calculation:

1 NLG = 2.7955 SEK
1 USS = 7.355 SEK
1 USS = 2.631 NLG
I SEK = 0.3577 NLG
1 NLG = 0.381 USS
I SEK = 0.136 US$

12 years
2 months

Netherlands 4.5 %

Japan - 40%

Nectherlands Discount + 5% = 9.5 %
Japan Discount + 5% = 9.0 %
Brazl World Bank 9 %,

International currency market 21 %.
50/50 financing => 15 %

Raw materials (All figures in metric tonne units)

Pellet feed
(ton)

Micro pelletized
concentrate

Sinter fines
(ton)

Pellets
(ton)

llSI/F./F/G/J/?OId/Anncx |

Assumed price of Samarco pellet feed 21.01 ct/u
FOB (67.56 % Fe). For Tokyo additional freight
6 USS/ton and ARA 5 USS/ton. For the latter
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

Tubario 2101 x 0.6756 = 14.19 USS

As concentrate above + 5 SEK/ton
(0.68 USS/ton)

ARA 21.89 + 0.68 = 22.57 USS

Tokyo 22.89 + 0.68 = 23.57 1JS§

Tubario 14.19 + 0.68 = 14.87 USS

Carajas sinter feed assumed price 27.5 ct/u FOB
(67.5 % Fe). Freight and handling as for pellet
feed.

ARA 275 x 0675 + 5 + 2.7 = 26.26 USS
Tokyo 275 x 067 +6 + 2.7 = 27.26 US§
Tubario 27.5 x 0.6/5 = 18.56 USS

Calculated as Samarco pellets, price 34 ct/u
(65.18% Fe), for the process routes without internal
production of pellets.  Freight as per above but
handling cost 1.5 USS/ton. Addition 2% on
tonnage price C&F for dust formation for ARA
and Tokyo and 1% for Tubario.

ARA 1.02x(34x0.6518 + 5)+1.5 = 29.20 USS
Tokyo 1.02x(34x0.6518 + 6)+1.5 = 30.22 USS
Tubardo  1.01x(34x0.6518) = 27.43 USS




.

Scrap
(ton)

Limestone
(ton)

Dolomite
(ton)

Burnt Iime
(ton)

Burnt dolomite

Steazm coal
(ton)

Coal for injection

Coting coal
(ton)

0il
(kss)

NSI/E/F/G/3/2014/Annex 2

ARA 100 USS
Tokyo 16.67 UISS
Tubario $4.34 USS

Assumed content of CaCO4: 98 %

ARA 30x98/97.5 = 30.154 NLG(11.461 USS)
Tokyo 12x98/99.3 = 11.843 USS .
Tubario 12.75x98/(54.4/56/100) = 12.87 USS

Calculated as limestone + 1.5 USS
ARA 1i.461 + 1.5 = 1296 USS
Tokyo 11.843 + 1.5 = 13.34 USS
Tubario 1287 + 1.5 = 1437 USS

Assumed content of C20: 92 %

ARA - 170 NLG (64.77 USS)
Tokyo 86x92/92.14 = 85.87 USS
Tubardo  47.10x92/93.76 = 46.22 USS

Assun:ed cqual with burnt iime price + 3 USS/ton
ARA 64.77 + 3 = 671.77 USS
Tokyo 85.87 + 3 = §8.87 USS
Tubardo 4622 + 3 = 49.22 USS

1.5 USS charged for handling. Steam coal is
imported to ARA and Tubar3o. Spot price
American Gulf-coast April 2, 1936 40 USS/ton
(oil, coal & coke 1986:4/SPK) + calculated freight
6 USS/ton.

ARA 40+6+15=475USS

Tokyo 46 + 15 = 475 USS

Tubario 40+ 6 + 1.5 = 47.5 USS

Assumed being stcam coal + 8 USS for grinding.
ARA 475 + 8 =555 USS
Tokyo 475 + 8 = 55.5 US$
Tubario 47.5 + 8 = 55.5 US$S

Additional cost of 1.5 USS for hardling.  The
price of coking coal in Tubario is calculated as
price of steam coal + 12 USS.

ARA 59.5 USS

Tokyo 619 USS

Tubario 475 + 12 = 59.5 USS

Calorific value 10 000 kcal/kg to te assumed for
all oils,

ARA 0.139 USS

Tokyo 0.199 USS

Tubario  0.117 USS
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Coke
(ton)

Electricity
(kwh)

Credit of 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)
z:g)

g
On;;
(Nm®)
(kNm3)
(kNm?)
(kg)
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For process routes without internal coking plant
the price is based upon the total manufacturing
cost of coke in an external 700 kt coking plant.

ARA 110.02 USS
Tokyo 102.57 USS
Tubario 108.97 USS
ARA 0.04 USS
Tokyo 0.079 USS
Tubario 0041 USS

To be based as 75 %

of normal electricity price.

ARA 004 x 0.75 = 0.03 USS

Tokyo 0.079 x 0.75 = 0.059 USS
Tubario 0.041 x 0.75 = 0.03 USS

ARA 3.8 SEK (0.517 USS) (assumed)
Tokyo 0,571 USS

Tubarao 3.8 SEK (0.517 USS) (assumed)
ARA 13.044 USS

Tokyo 20.0 USS

Tubario 7.72 USS

ARA i1.739 USS

Tokyo 20.0 USS

Tubario 7.143 USS

ARA 13.04 USS

Tokyo 20.0 USS

Tubario  7.143 USS

ARA 18.8 USS

Tokyo 18.2 USS

Tubario 4.8 USS

The following standard costs are assumed for other

raw materials
Mangancse ore
Limestone

Silica

BOF-slag
Limebearing slag
Ferro-silicon
Ferro-manganese
(high in carbon)
AL-granules

Tar

Coke breeze
Steam

Water

Nitrogen

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 SEK (7.478 USS)
5.8 SEK (0.789 USS)

2.85 SEK (0.387 USS)
7 SEK (0.952 USS)
1.51 SEK (0.205 USS)
0.05 USS

0.16 SEK (0.022 USS)
0.12 SEK (0.016 USS)
0.30 SEK (0.041 USS)
5.80 SEK (0.789 USS)
49.10 SEK (6.676 USS)
6 SEK (0.816 USS)



Table I Consumption figures per tonne of desulphurised hot metal
for smelting reduction processes

Pellets?
kg/t 177 1.408 1,474

Steum (oal‘
kg/t 50 75 723 697 218 329 795 692

(A
Celing coal”
kg/t 610 549 ~

Cokee

kgft 57 75 156

o, xgen
Nm® /e 20 150 7 227 52§ 145

L-Your
manhcurs/ft 063 0.45 0.44 0.26 0.25 0.25 0.23 0.35

Gas (credit)
Glt -4.5 -4.0 - - - s0 -8.8

Carajas sinter fines 67.5% Fe

Samarco pellrts 65.2% Fe

Samarco jellets C8% Fe

US Gulf coast: Cv. 27.2 MJ [kg ash = 12%
C.v.31.4MJI/vg ash - 2%

C.v. 201 MI/kg ash = 10%

N A WW
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C..nctnlralea
kg/t 1,449 1,491 1,388 1,388 1,478

Electricity

KWh/t §8 67 -308 1,123 662 62 249 165
Flectrodes

kg/t 7 4.5

Plxematurner

s/t 187 0 589

Lime

g/t 70 35 15 25 25 61 40
Limestone

kg/t 170 0 114 244 115

BF coal injrction Plasma-  Plasma- ‘1
Sinter Pellets FLRED XRED sinelt smelt Oxy COREX COIN sC
Simerl .
kglt 1,276

204
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Table I Process characeristics of direct smelting reduction processes

FLUIDIZED |[SHAFT FLASH
BED FURNACE [SMELTING
“REDUCTION CLRED* COREX INRED

PRER SKFPLASMA|(COIN)

KAWASAKI [SC

COIN

ELEC'IRlC Eﬂgﬂcg CON-

FURNACE |sivELTER |VERTER
FINAL
REDUCTION ELRED PLASMA [COIN
AND INRED COREX
SMELTING SC

KAWASAKI

*Circulating fluidised bed
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Tabie 1I': Raw material a2spects

IRON ORE CONCENTRATES | IRON ORE PELLEETS OR
’ LUMP ORE
ELRED CORIEX
iINRED SC
KI-PLASHA (COIN)

KAWASAKI

COIN

Table IV: Erergy consumption in smelting reduction processes (GJ/t)

P Cing Stem  Coke Eectity Other  Grow  Emegyl | Net |
coal coal erergy energy credit chergy

BF sinter 145 1.8 1.7
BF pcllets 13.1 2.0

FLRED 19.7 0.2
INRED 19.0 0.2
Plasmasmelt 59 23
Plasmasmielt Oxy 9.0 4.7
CORFX 216

COIN 18.8

SC 78 6.2

»

HSI/E/F/G/1/2014/ Annex 6

0s 1.9 19.7 -4.5

0.2 2.7 18.0 -4.0
0.1 20.0 -3.2
0.1 19.3

41 0.1 12.4

29 0.1 16.7 -5.0

0.2 1.5 233 -8.8

0.9 0s 200 -

0eé 1.7 16.3 -39

15.2
14.0
16.8
19.3
124
11.7
145
200
124
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FIG 9

INVESTMENT COST IN ARA FOR
PRODUCTICN OF 1 MILLION TONNE
LIGUID STEEL PER YEAR
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CAPITAL COST CRUDE STEEL - CAPACITY
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COREX - The coal based smelting reduction process

Jirgen Flickenschild : KORF ENGINEERING GMBH
Dr. Gero Papst " : KORF ENGINEERING GHMBH

Inttoductiog

The steel industry, worldwide, urgently needs a true alterna-
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 aqo, a new ironmaking process began to com-
pete with the well-developed blast furnace technology. The na-
tural gas-based direct reduction technology expanded beycnd la-
boratory boundaries and, after some years, gained a remarkable
market potential. Today, it is an open secret that such proces-
ses are no longer under consideration in the industrialized
countrieé, and in areas where high amounts of natural gas are
still being flared, the demand for sponge iron has remained

small.

The sponge iron production in rotary kilns on the basis of coal
was intended to complement 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 for 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 gangue. 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 21llowing 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 mines and the
consumers extend with the result that a price difference
between steam coal and metallurgical coal is established. For
this reason, it is extremely important that the blaét 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 widc
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 OCCULS 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 charged into the melter gasifiér by a
speed controlled feed screv. The coal falls by gravity into the
gasifier where it comes into contact with a reducing gas
atmosphere at a temperature of épprox. 1,000 to 1,200 °C.
Instantaneous drying and degasification of the coal particles

occur in this upper portion of the melter-gasifier.

reducing gas is done in a fluidized bed, by par-
First of all the carbon is oxidized to

Generation oi

cial oxidation of coal.
C02. Then, the CO2 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 1,700°C. The temperature conditions in the freehoard zone
above the fluidized bed guarantee production of.a quality
reducing gas which contains some 65 - 70 percent carbon
monoxide, 20 - 25 percent hydrogen, and 2-4 percent 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 ascends through the iron burden according to the
counterflow principle. The iron ore, charged 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-
trollable 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 opérating conditions.

The reduction reaction in the shaft furnace, using gas with ap-
prox. 70 percent CO0 and 25 percent H2 is exothermic, leading

to temperatures in the burden which are above the reducing gas
temperature. Because of CO0 decomposition, carbon forms on the
4iron and acts as a lubricant, therefore no sticking occurs. The
formation of Fe3C takes place as well, The tob gas is cleaned
and cooled in a scrubber, and is then availab}e for export

purposes,
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The hot DRI 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
particles is reduced in the fluidized bed, so that conplete re-
duction, heating and melting occurs. Hot 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 termperatures can be control-
led over the range of 1,400 to 1, 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 demoustration plant were up
to 20 tons per tapping. For a good desulfurization, a slag

basicity as follows is aimed at:

cao + MgO S 1
S102 + A1203

The CO2 content of the reducing gas coming out of the gasi-

fier is the overall controlling parameter.

The CO2 content primarily influences the carbon content of
the sponge iron and the metallization degree. The proper sponge

jron carbon content leads to high carbon levels in the hot me-

tal and low Fe0 content in the slag. This is necessary for a

good sulfur distribution between slag and metal.

The C02 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 height 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

adjusted 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

value of approx. &,000 kJ/Nm3.
The export gas can be used:

- for oxygen generation

- drying of coal

- as heating gas in pelletizing facilities, 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 /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 productlon without export gas

In case the export gas cannot economically be utilized, the top

gas will be re- converted into reducing gas by CO2 Renoval
(Fig. 2). One part of the reducing gas from the CO,- Removal
serves for cooling the generator gas. The greater part being

reheated in the melter gasifier.

tage of this operation mode is the fact that the coal

The advan
consumption will be reduced to less than 500 kg/t of hot metal
and the oxygen consumption to less than 3C) Nm /t of not
metal.

the

Depending on the location of the plant, the CO2 from

Coz—Removal process can be markted.
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Basic diagrams of both COREX process routes for hot metal

production with and without export gas are shown in Fig. 3 and
4. The flow balance 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 ali 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.g.,
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 conteat 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 gasification 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 1 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 conl:t is higher than 8 percent
the coal has to be predried with a state of the art coal drying

facility,
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Due to its high C-content, petrol coke excellently suits the

. requirements of the COREX-process. A higher metal content and

low reactivity have no negative influence. In regards to the
COREX process route with export gas production, the higher
sulphur content of some 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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CHARACTERISTICS OF IRON ORES FOR THE COREX-PROCESS

As the direct reduction section of the COREX-process is
comparable to other DR shafts or to the upper part of a b
furnace, great experience with a wide range of feeding

last

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:

ili-

on .the physical side, a uniform grain'size, easy reducib
ty and adequate strength. under reducing conditions should be

given since thete parameters determine reduction efficiency;

- requirements as to the chemical properties of the iron ores

are considerably lower than in the case of DRI 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

dolomite and silica sand are used as additives.

Limestone,
e basicity based

Limestone and dolomite serve for adjusting th
on the ore analysis and the ash analysis of the coals used.
With high A1203—contents in the coal ash it is partly
necessary to add silica sand in order to decrease the

_content in the slag: The additives are charged either

duction shaft, for the reason that

with tne coal or via the re

the calcination is carried out in the reduction shaft.
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CHARACTERISTICS OF REFRACTORY MATERIALS FOR THE KR-PROCESS

puring the demonstration periods carried out in the last few
years, a multitude of refractory materials have been tested,
and it has turned out that no special pierequites are needed 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 area are high gas temperatures as well as highly re-
ducing wear due to the quantity gasified. The temperatures

range between about 1,500 and 1,800°C. After several tests

had been carried out, even for this purpose stable brick ma-

terials were found, which are 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 for the bottom materials can pe used which

have already proved to be successful in the blast furnace.
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EXPECTED EMISSION AND EFFLUENT REDUCTION

The COREX-process operation and the blast furnace operation are

similar in respect to the raw materials charged and the

- yhey both employ a lock hopper materials

products produced.
enclosed off-gas

feed system, enclosed processing, and

cleaning. Consecuently it is reasonable tc assume that

emissions and effluents generated by the COREX-process are
similar to emissions and effluents from the blast furnace. But

the conventional iron making route is made up of several

separate processes (coke oven plant, coke oven gas treatment,

blas: furnace) all of which have associated their own air

emissions and water effluent. The COREX-process, on the other

hand, is a single process with no significant direct air

emissions, i.e. the by-product gas is utilized as a medium CZTU

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 principle
ced by reaction within the blast furnace, plus

com- ponent produ
organics and trace metals are

fluorides, sulfides, ammonia,

pass-through products from the raw materials feed. In the

COREX-process cyanide,
ance because of the high temperatures maintained

organics and ammonia are to be of much

less signific
in the melter gasifier.

plant waste water principal pollutants are ammonia,

The COREX-process
or minimizes

The coke
thiocyanate, toxic organics and sulfide.
nates the need for coke and this eleminates

elimi
s from iron making by

the pollutants associated with effluent
.the coke plant/blast furnace route.
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Todays waste water treatment technology, although it is costly,
is quite effective and it will be possible to meet the latest

standards with the minimized pollution problems of effluent

from the COREX-process with economic state of the art water

treatment.

The process related emission in principal is carbon monoxide

from the blast furnace as well as from the COREX-process and

may be released by slips and by tapping operations, but

emissions by slifps are unlikely from COREX-process operations..

The more severe 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 CORE X-

First studies have indicated that there is a 30 to 40

process.
csions reduction for the COREX-process

percent particulate emi
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 environmentally very accept

by the conventional technology.

able replacement for ironmaking
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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 performance of the two latest production phases in the

demonstration plant were executed in October/Novenber 1984 and

May/June 1986.

Representing the formidable number of trials and tests two

examples out of all shall give you an overview of the results

obtained with the COREX-process.

pemonstration with U.S. raw materials in 1984:

After the problems caused by the longlasting downtime between

the last production phase in 1983 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.

puring the 1984 demonstration period West virginia coal and

Minntac pellets were used.

West Vvirginia 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.3. raw material test

Wwith this test, the constancy of the plant, but not
d to be emphasized.

period. the

energy optimization, was intende
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The figures of hot metal (figure 6) and slag (figure 7) compo-
sition are attached. A characteristic 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.

pemonstration with Braislian raw materials in 1986:

The objective of the first trial of Brasilian rav 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 1l1th, and May 20th, 1986. Data taken during the
test were examined and used to prepare material balances for
the process. Based on these analyses 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 znd 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 content 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.
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Then the Brasilian coal was dried and screened to get good
metallurgical results. This means higher carbon-content, better

desulphurisation conditions and lower FeO content in the slag.

After drying and screening 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 % 3'7 -

Si 3 1 - 1,5
S % about 0,1
Tapping temperature: 1,500 - 1,550 °C.

For the above mentioned data it is necessary to take in account
that CMSC-coal contains about 40 percent volatiles (waf), 20

percent ash (wf) 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 and lump-ore did not create any problems. The
shorttime use of 20 ¢ lump-ore from Conceicao indicated the

suitability of this material for the COREX-process.

Not only the independence of the coking coal is the main ad-
vantage of the COREX technology, the COREX process of fers also

an ecological henefit.

The COREX plant is very compact in comparison to the normal
blast furnace procedure (figure 8) with the result of a much
lower investm2nt cost per ton installed capacity of hot metal.
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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 this 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
F. . 10 shows the hot metal costs for a 300,000 tpy mocdule

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.

With 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 C02—Remova1 equipment
are nearly compensated by lower operating cost 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-grade hot metal
is produced in an environmentally beneficial way without using
coke oven plants, on the basis of untreated coals for which

crushing or storage in an inert atmosphere can be generally

waived.

The advantages of the CORFEX process can be summarized as

follows:

- independent of coking coals

- independent of coke ovens

- <clean coal technology

- generation of clean fuel gas if desired

- low investment cost

- high flexibility

- enables the economical prodiction 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.
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THE EOF PROCESS: PERFORMANCE AND OUTLOOK (1)

Raiph Weber {2)
Henrique Carlos Pfeifer (3)

SUMMARY

The EOF ("Energy Optimizing Fumace") process was developed by the Korf Growp
at its brazilian Companhia Sider{u'gica PAINS plant, with the idea of ultimate
rationalization of the open hearth furnace. Although preserving the great flexi-
bility of the OH as to the proportion of hot netal and solids in the charge, the
EOF has dramatically increased productivity and reduced cost, thanks mainly to
its thermil efficiency.

Starting operation at the end 0of 1882, in these three and half years of industrial
operation the EOF at PAINS became responsible for 50 % of the company's produc-
tion, which today approc:iies the 3C.000 ton permonth level. Iight from the start
the equipment presented a high availability and the learming curve progressed
very quickly. Productivity, consumptions and costs reached highly satisfactory
indices. Right now a number of improvemenis is being introduced, aiming at a
further increase in process flexibility regarding themetallic charge and at ever
higher efficiency.

The size range of the FOF is between 15 and 100 t, equivalent to100.00u/650.000
tpy, which is in line with the size of micro and mini-mills. Major interest for
the new technology comes from three areas: small integrated plants, based on
charcoal blast furnaces or other non—-conventiornal reduction units; plants that
want to substitute open hearth fumaces which are still in operation; scrap-based
plants which want to substitute obsolete arc furmaces or which are going to be
installed now. Such a widespread interest range is promoting great attraction
for the EOF.

*..Q.....00.0...0..‘0,00.00QOQ..Q.O...Q‘.Q.O..O.C

(1) Technical paper presented to the Intermational Conference of iron and Steel
Technology in Developing Countries — November 1986. Sao Paulo/Brazil.

(2) Metallurgical Engineer. Superintendent of Co. Siderurgica PAINS.

(3) Mechanical and Metallurgical Engineer. Director of KTS Korf Tecnologia Side-
rurgica Ltda.
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DEVELOFFENT OF THE PROCESS

The EOF ("Energy Optimizing Furmace") process was developed by the Korf Group
at its brazilian Companhia Siderurgica PAINS plant, in Divinopolis, state of
Minas Gerais. This plant produces about 350.000 tpy of long products, from
charcoal blast fumaces, open hearth furnaces and one EOF unit, continmuous
casting, rolling mills.

Development of the process passed through threewell defined stages, the first
of which (1981/82) corresponded to the installation of a pilot plant, with-
out scrap preheater, with a caracity of 22 t, where all the basic process
and equipment parameters were developed. The second stage (1983/85) related
to the installation and commercial operationofa 28 t EOF unit, with a scrap
preheater épecifically designed to suit the metallic charge available at

PAINS. Average charge of thisEOFhas been 60 % hot metal, 30 % pig iron and
10 % return 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, comprising

the installation of equipment and systems to attain the following aims:

. increase the capacity of the EOF to 55/60 t

. allow the scrap preheater to take any kind of scrap, from light shredder
or sheared scrap up to d:nse pieces like skulls

. demonstrate 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 in the fumace,
with the resulting quality improvement in steel.

DESCRIPTION OF THE PROCESS

The EOF process is essentially an oxygen steelmakirg process using combined
side blowing. Oxygen is injected horizontally through specially designed
tuyeres into the molten bath, and oxygen is blown into the fumace atmosphe-~
re by water-cooled injectors, as shown in Fig. 1.

Oxygen injected undemeath the liquid level oxidizes carbon forming CO which
accomplishes the task of bath agitation. The resulting intense splashing




maltiplies the steel surface exposed to the oxygen injected into the atmos-
phere, accelerating carbon oxidation. The CO thus formed burms toC0O;, in the fuma-
ce's atmosphere and the generated r:at Jis partly absorbed by the bath, whe-
reas the remainder preheats the scrap, the avercge temperature of which may

even exceed 800 OC at the moment of dropping, with local peaks of up to
1.100 ©°c.

Two are the modes of charging the EOF, according to the available metallic
charge. At the conventional operation at PAINS, where hot metal answers for
60 % of the charge and steel is completely tapped at the end of the heat, the
preheated scrap is dropped on the hearth and afterwards the hot metal is
poured into the fumace. C content of hot metal is enough to care for the
heat balance of the heat. Oxygen tlow, both submerged and into atmosphere,
starts together with the hot metal pouring.

In the operation with higher proportions of steel scrap the previous heat is
not entirely tapped, but rather a liquid rest ('heel”) is left in the fuma- .
ce. In this mode operation starts with the injection of coal fines into the
liquid heel, through special tuyeres, until a C content of about 3% is attained.
At this point the preheated scrap is dropped in one or more batches and the
blow of oxygen 1is started, submerged and into atmosphere. Fluxes are added
as necessary by means of an automatic weighing and conveying system, which
leads to the charging hole in the roof.

Oxygen injection immediately launches the refining reactions, at first oxidi-
zing silicon, phosphorus and manganese, and later on carbon. The generated
heat accounts for the melting of the charged scrap and the gradual temperature
increase of the bath, whereas the CO generated by submerged injection promo-
tes intense agitaticr, multiplying the molten metallic surface exposed to
+hie action of the oxygen from the furmace atmosphere.

Slag becomes foaming and '"grows'"; opening of the dolomite dam at the slag
door allows it to flow to the slag pit.

Combustion of the CO and some H, available inthe furmace atmosphere with the
injected oxygen, either pure or in the formof preheated air, generates heat,




partially absorbed by the bath, by convection andradiation, and for the rest
addressed topreheat the scrap.

The rate of oxygen injection determines the w*»le reaction kinetics, inclu-
ding the intensity of the combusticn reaction of the CO to CO, and, therefore,
the remaining CO content in the offgas. This CO content is rclated to the
CO, dissoclation mechanism at high temperatures, to the total flow of 0, anc
to the latter'’s distribution in the fumaces' atmosphere.

Since the flows of oxygen, both submerged and into the atmosphere, are control-
led promptly and with accuracy, their control allows to operate the EOF in a
precise and predictable way, easily allowing acontrol by processor. Starting
with the inflow analysis and temperatures and v "th one or two intermediate
carbon and teaperature takings it is possible to determine in advance the
development of the carbon/temperature curve until tapping. Carbon injection
or ferné—silicon addition, to increase tenperature, or additions of scrap or
iron ore, to lower it, safely allow to make all necessary corrections.

The hot gases leave the fumace through the central hole in the roof and
proceed to the scrap preheater (Fig. 1), with water cooled elements and par-
tial refractory lining, in this case divided into three sections. Maximum
entering temperature into lower section is up to 1.300 ©C, whereas the mean
temperature upon leaving the upper section is 400 ©C. Quantity, size, nature
and distribution of scrap have a bearing on heat transfer efficiency. Mecha-
nical reasons limit the maximum 1lenght (abt. 1,2 m) and weight (400 kg) for
the individual pieces. As an average, the scrap preheating temperature has

been around 800 ©C.

Suming up, the EOF owes its thermal efficiency tothe optimized use of ener-
gy derived from the following three sources:

1 . Chemical energy released in the bath and onits greatly extended surface
by the reactions between the oxygen, injected in the bath and into the
atmosphere, and the oxidizable elements, including added carbon,

i1 . Chemical energy derived from the gasenus oxidation reactions in the fur--
nace atmosphere, envolving CO and H2 set free from the bath.




i1i. Sensible heat transferred by the hot gases from the fumece to the cold
scrap charged into the preheater.

For further details see (1) and (2).

3. THE EOF EQUIPMENT
The main features of the FEOF equipment are as follows:

. Circular and compact shape of the furmace, in order to keep heat losses to
a minimum.

. Fixed, non-tilting design, allowing for the maximum use of water cooled
panels in the furnace shell above the molten bath, with consequent reduc-
tion in refractory consumption.

. Water cooled roof.

. Oxy—fuel bumers in the shell above the bath for use asan auxiliary energy
source for heating upon start-up and during down-times.

. Submerged K.O.R.F. tuyeres installed in the fumace shell below the molten
bath for injecting oxygen. The three concentric pipe design allows for op—
timum cooling of the protruding end of the tuyeres, allowing to attain wear

indices lower than 3 mm per heat, also as a result of a careful selection

of refractorv block.

Oxygen and preheated air injectors installed in the fumace 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.

Computer controlled oxygen flow, both submerged and into the atmosphere,

. Specially designed scrap bucket, to allow quick charging of the fumace,

with no dust emissions and low noise level.

. The removable bottom allows a quick relining of the fumace between succes-

sive campaigns, just by exchanging the buttom, which takes no more than 12
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hours between the last previous heat and the first one of the new canpaign.

. The blowers installed downstream the gas cleaning plant and somcwhat over-
dimensioned, allow a precise pressure control of * 2 mm of water colum

inside the fumace, by conmanding their valve from inside the control room.

CPERATIONAL RESULTS OF THE EOF

Figures 2 to 7 present some of the operational results obtained in the EOF
at PAINS over the last three andhalf years. The figures showin an expressive
way the result of the leamming curve and the effect of some improvements
made, amcng which two deserve to be mentioned:

. Introduction of the water-cooled roof, at the end of 1983.

. Introduction of the removzble bottom, supported by the bottom car and allow-
ing the quick exchange of this part of the furnace, in August 1984, As a
consequence, idle time between campaigns was immediately reduced to 48
hours, nowbeinginthe range of 24 hours.

In this whole period nothing was changed regarding thebasic equipment, which
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 e¢v.orience existed in regard to

scrap preheating with high temperature gases, operated with full success and
high availability.

Observation of the graphs also shows two important achievements, namely the
increase in number of heats per campaign up to 350 level (record: 406, in
campaign nr. 50); and the decrease of tap-to-tap to the level of 71 minutes,

which still tends do decrease in the near future.

It should be enphasized that all ongoing tests and improvements are being
performed on a production unit, since the PAINS EOF is responsible for about
50 % of the company's steel output. In the conflicts of interest between
testing and producing, priority has consistently been given to steel produc-
tion, which explains the slower evolution of some improvements as well as

the operational safety shown by the equipment.

o~




The results presented in Figures 2 to 7 show only part of the operational
evaluation of the EOF. Some other indices are worth mentioning:

. Refractory consumption: from a total of 27 kg/t at start-up the refractory
consumption has already shrunk to 12 kg/t in the lastcampaigns Only 6,5 kg/t
correspond to formed pieces, whereas the balance is fettling materials.
Present improvements will further reduce brick consumption to ab;Jut 4 kg/t
in the . 2ar future. A

. 0il consumtion: This index, whichstarted at 23 liters per ton, was reduced
to the level of 10 liters per ton. It is expected toreach 6 liters per ton
at the operation mode with a liquid heel.

. Productivity: Productivity is coming close t025 t/h with all the difficul-
ties irherent to the operation of a melt shop which doubled production
with the same infra-structure as before, specially in regard to cranes.

All the results above find their quantitative expression in the production
cost of the EOFwhich, incoaparison to the open-hearth operating with K.O.R.F.
submerged blowing, presents a saving of US$ 15,00 per ton of tapped steel,
for the same charge conposition. The cost advantage over a conventionally
operating open-hearth is in the range of US$ 30,00 per ton.

TRIALS WITH PROPORTIONS OF STEEL SCRAP

In March 1986 some trial heats were made with 60 % hot metal and 40 % steel
scrap, still with the original scrap preheater. The 1iim .as toreduce the
availability of chemical heat and to demonstrate the energetic efficiency of
the EOF, thanks to the high CO afterbuming rate.

Table I presents the results obtained, in comparison to the average data of
campaign 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 tosome kilograms of coke breeze, whereas the remaining parameters
practically did not change.
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Number of Consecutive Heats I(Canpai::;enr. 48): (tr:isal)
Charge Composition: : kg % : kg %
Hot metal | 703,0 63,0 | 641,7 59,9
Pig iron : 317, 28,4 : - -
Steel scrap | 95,6 8,6 | 428,8 40,1
Total :1.115.7 100,0 :1 070,6 100,0
Metallic yield % : 89,5 : 93,4
01l kg/t | 15,2 | 15,7
Coke in charge kg/t : 4,9 : 8,5
Oxygen kg/t | 72,7 | 77,8
C0; (cooling) N’m’/t: 9,1 : 8,0
Lime kg/t JI 53,6 JI 52,2
Total tap-to-tap min i 73,1 i( *) 73,5
Blowing time min : 49,7 : 46,7
Average weight of heat t : 28,2 : 29,6
I(*) 24,16

Average productivity t/h | 23,15

(*) One of the heats experienced a delay due to hanging of the scrap, which
included pieces of excess lenght. This delay has been excluded.

TABLE I: EOF -~ Comparison of Performance for
Different Compositions of the Charge

The new scrap preheater which has just beeninstalled (see below) is expected
to deliver heatswith 50 % hot metal and S0 % steel scrap without further
additions of coke orcoal and withno need of carbon injectiorn. through tuyeres.
Trial runs are being scheduled and scrap is being bought for a campaign of

20 successive heats.

The proportion of scrap may become even higher in the case of EOF furmaces
of bigger size, with lower specific heat losses, operating with hot metal of
higher temperature and higher silicon content.
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OUTLOOK I: IMPROVEMENTS OF THE EOF

C. S. PAINS, which still gets half of its total production from open hearth
fumaces equipped with K.0.R.F. submerged injection, has the utmost interest
in expanding the capacity of the zlready installed EOF. Both the cost advan—
tages of the EOF as well as the envirommental problems of the OH fumaces
exert pressure in this direction. Another purpose is tccreate the conditions
to operate the EOF with SO % hot metal, up to15 % pig iron and 35 % at least
of conventional steel scrap, thus allowing for maximum flexibility in charge
consumption. Such isalso the interest of any other potencial user of the EOF.

Reaching of these goals will be obtained by installation of the following
equipment, described below:

. New scrap preheater

. New 60 t furnace bottom

. Double ladle car

. Coal injection system

. Slag free tapping system.

The New Scrap Preheater

Based on the experience gained over three years cperation with the original
downflow preheater, a newmulti-stage up flow scrap preheater has been designed,
placed directly on top of the fumace, with the following features:

. Flexibility regarding icind and size of scrap, operating with light scrap
(0,7 t/m*) up to pig iron and accepting individual pieces of up to 400 kg
weight.

. Flexibility as to the total charge (from 12 to 30 t)

. Optimizing of sensible heat transfer from gases to the scrap.

The new scrap preheater for PAINS wasbuilt with three stages, with a maximum
cabacity of 30 t. Each stage is ccuposed of a set of water-cooled horizontal
retractable bars ("fingers"), hydraulically withdrawn whendropping the scrap,
with a movement compareble to that of opening ascrap bucket. Thus, the scrap
is dropped in foursuccessive steps, from the scrap bucket down to the hearth
of the EOF.




The exhanst system keeps the scrap preheater at a negative pressure, and the
gases enter the lowest stage at about 1200/1300 °C, leaving the upper stage
at between 300 to 500 9C. From there they are conducted to the gas cleaning
plant, after passing through a recuperative air preheater. The new unit was
installed at PAINS' EOF, replacirg theoriginal preheater, in al?2 days period
and following a carefully pr pared schedule, which even included some struc-
tural changes of the builcding. The first heat with the new preheater was
tapped on May 7, and already 4 campaigns have since been completed, until
the begimning of August.

The operational indices have not shown any significant alteration during the
first three canpaigns after the exchange, although this was the learning pe-
riod and the time for sorting out all the mechanical, hydraulic and operational
troubles of a new equipment. In the fourth campaign, however, significantly
lower blowing and tap-to-tap times were obtained, with a reduction of about
8 % over the previous average and yielding a corresponding increase in pro-
ductivity. Once the maturity of the equipment has such been attained, new
trials are being scheduled, with higher scrap proportions.

60 t Fumace Bottom

Installation of a new furmace bottom is being prepared at PAINS, with holding
capacity of 60 t of molten steel and two tap holes - a conventional one at
the 30 t level and another one on the hearth. This new bottom is dimensioned
so as to fit on the existing bottom car, preserving all extermal dimensions.
It will allow the fumace to work either with an increased capacity or with
100 % solid charge, maintaining a liquid level and tapping only 30 t per

heat. For thispurpose itwill be equipped with special coal injection tuyeres,
besides the oxygen tuyeres.

Double Ladle Car

In order to allow the tapping of 60 t into two ladles of 30 t each -~ which

corresponds to maximum crane capacity - a new ladle car will be installed
together with the new bottom.




Coal Injection System

A series of tests has been performed in the existing EOF vessel, aiming at
the submerged introduction of coal fines, mixed with lime and additives.
Different tuyere sizes and designs have been employed and up to 2.000 kg of
coal have been injected per heat, in a flow ranging from 20 to 60 kg/min.
The experience gathered is allowing to dimension the coal transport system

and to improve cooling of the ncw tuyeres, to be installed together with the
new bettom.

Slag Free Tapping System

A new tapping system is being develoged and tested, based upon vacuum sipho-
ning and aiming at the following goals:

. Parcial tapping of the fumace, leaving a liquid heel

. Leaving the slag in the furmace upon tapping

. Minimize the exposure of steel to the atmosphere.

Trials are being made in ladles mearwhile a new and adequately sized vacuum

system (pump and tanks) is being expected in order toresume the tests in the
fumace itself.

OUTLOOK II: WHO IS INTERESTED IN THE EOF

Development of the EOF responds to the idea of ultimate rationalization of
the open hearth furmace, the flexibility of which inregard to the hot metal/
scrap proportion was fully preserved, butwhose productivity was dramatically
increased, at a simultaneocus and intense cost reduction. Such results are
due to the following items:

. Submerged oxygen injection

. Increased utilization of oxygen in the atznosphéne

. Extensive use of water cooled panels on walls and roof

. Almost instantaneous charging of scrap

. Scrap preheating with the process gases.

Contrary to the open hearth, however, where the energy deficit is covered




with

hydrocarbens, the BOr allows the use of more econaudc coal. Dimersioned

in its first version for 30 t (PAINS), complete engineering has already been

accomplished for the 30 and 80 t sizes (200.000 resp. 500.C00 tpy), for pro-

Jects in the U. States, India ard Europe. For the time being there is no in-

tention of developing units bigger than 100 t, corresponding to £50.000 tpy.

The smallest size is around 15 t, ¢quivalent to 100.000 tpy.

It is apparent that the EOF is cspecially suited for mini and micro-mills,

with or without availability of hot metal, and is of particular interest for

three market segments:

( 1 ) Small plants based either oncharcoal blast furmaces — which at present

(i)

(111)

show a great poten ial in Brazil - or on other non—conventional reduc-
tion units (KR/COREX, Plasmamelt/Combimelt etc) are finding in the EOF
the ideal refining process (3), from the point of view of investment,
efficiency and production cost.

In the case of high percentages of hot metal the EOF may operate with
preheated air, saving an important part of the oxygen and dispensing
with the scrap preheater, whichin this case givesway to the traditional
regenerators. Figure 10 shows an exanple for the layout of such a plant,
with a capacity of 120.000 tpyof rolled products. Installation of such
a plant, complete with irfrastructure and utilities, demands a total
investment of about US$ 425,00 per ton of yearly capacity, SO0 % of
which correspond to the rolling mill.

Replacement of the open hearth furmaces in plants which have their own
hot metal, operating with a charge composed of hot metal and scrap,
constitutes another field for the EOF. This is the case of countries
from EastemEurope, some countries fromthe European OECD, from the Indian
Subcontinent and from LatinAmerica. '

In Fig. 11 an exanple is given for the integration of an EOF into an
existing OH melt shop.

The substitution of old arc fumaces or the installation of new plants
based on scrap also present a great potential. In this case, the EOF




intioduces iiself as an altemative for the electric arc fumace, with
which it will compete in the analysis of investment and production cost.

In the final analysis this will be a competition between twe energy
sources: coal and oxygen, as against electric energy and electrodes.
Fig. 12 shows the great advantage of the EOF against the arc fumace
in regard to production cost, an advantage which grows with the price

of electric energy.

As to the investment, the following figures are representative:

EOF: US$ 41,00 per ton of yearly capacity

EAF: US$ 68,00 per tor of yearly capacity,
comprising for both cases the equipment, civils, erection, site mana—
gement and licence fee.

Thanks to this wide spectrum of interests which the EOF is able to attract,
the appeal of the new technology has been very intense, as evidenced by the
number of consultations and of visitors to the industrial plant.

(1) Bonestell, J.E. and Weber, R.: "EOF (Energy Optimizing Furmace) Steelma-
king”. Iron and Steel Engineer, Oct. 1985. pages 16 to 22.

(2) Weber, R. and Rollinger, B.: "Three Yearsof EOF Operation at The Companhia
Siden:u‘gica PAINS", UN Economic Commission forEurope - Seminar in Izmir/
Turkey, May 5 - 9, 1936.

(3) Korf, Dr. W.: "Development of New Technologies forMini-Plant<”, the Ins-
titute of Metals - Conference '"Restructuring Steel Plants for the Nine-
tees". May, 14 - 16, 1986.
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13 - ADDITIONAL OXYSEN
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Figure 1 - EOF ( Energy Optimizing Furnacce )
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1 = RAW MATERIALS APTA 8 = STORAQGL..BAY
2 - BLAST FURNACEK . 9 = REMEATING PFUANACE
3 - GLENOONI AND BLOWEARS 10 = HOT @ILLETS BTOVES
4 = P19 IRON CASTING 11 = BLOOMING MILL
8 - EOF FUANACE ’ 1t~ MEDIUM MILL
6 = CNECKERS 13- FINIBHING MILL
7 - CONTINUOUS CASTING WACHINE

Figure 10. Micro steel plant based on
Charcoal Blast Furnace & EOF Furnane
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Consumptions per liquid steel ton.

ELECTRIC ENERGY OXYGEN - ELECTRODES CHARCOAL FINES
EOF 25 kwh 86 Nm3 - 82 kg

EAF 475 kwh 25 Nm> 3,5 kg -

" Figure 12; Operational cost of EOF and Eleciric Arc Furnace(EAF)as
function of electric energy price
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ANNEX
PRELIMINARY PROPOSAL FOR A MINI STEEL PLANT
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Introduction

KTS — Korf Tecnologia Siderurgica Ltda. has prepared the Preliminary
Propcsal for a Mini Steel Plant to be installed for € oi 3

The Mini Steel Plant will consist of three main units:

— A Hot Blast Cupola Furnace for the hot metal production from steel

scrap.
— An EOF - Energy Optimizing Fumace - melt shop for the liquid steel

production from hot wsetal.
- A Continuous Casting Machine for billet casting.

The production program of billets is divided in three stages:
1st stage - 50.000 tpy
2nd stage - 100.000 tpy
3rd stage - 150.000 tpy

Due to the lack of more information about the chemical composition of
raw materials, available of water and electric energy, topographyc
details and so on, some assumptions had to be made in order to z~omplish
the preliminary study.

By this way, a "normz1l" chemical compesition for steel scrap, coke, lime-
stone and 1iquid stecel have been assumed, for the calculations of the

materilas balance and others.

It was also assumed, that there are no water supply problems and that
the infra-estructure for cnergy supply and water treatment would have

to be installed.

Farth moving, special foundations and similar are not included in the

budget.




Flow diagrams for 1st, 2nd and 3rd stages

Materials and Program

PRODUCTION PROGRAM

B.
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MATERTIALS AND PRODUCTS
Flow Diagram — 2nd Stage
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MATFRIALS AND PRODUCTS
Flow Diagram — 3rd Stoge
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ANNEX 7

A BRIEF SUMYARY OF THE REDUCING GAS GENERATION
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ANNEX 7 - A Brlef Summary of the Reducing Gas Generation
Schemes (2 - Sectlon 3).

Reformed Natural Gas - Rzaducliny gas, which is vich in car-
bon monoxlde and hydrogen, |s produced by reforming natu-
ral gas feedstock, which is primavlly wethane, iIn ca-
talyst-fllled veformer tubes. The carbon monoxlide and
hydrogen are generated In the methane sieam veforming pro-
cesses accordlinyg to the veactlon; |
CH. + Hz0 = CO + 3H,; (14)
High steam/carbon ratlos were once requlred to prevent
carbon formatlion In the veformer tubes, and catalyst dete-
vloralon. The resultant reducing gas then had to be cooled
to condense excess water vapor, and then reheated In a se-
cond step before the veducling gas could be used to reduce
ivon oxlde. However, modern catalysts now permlt opevatlion
with steam/carbon ratlos approaching the stolchlometric
ratio, thus producing a m!xed gas of carbon monoxlde and
hydrogen or 95 per cent purlty (wet basls). As produced,
the gas contains hydrogen and carbon monoxide In a vatlo
of about 3.3 to 1.0. Thus, energy saving Is achleved by
lower steam usage and eliminatlon of reheatlng of the ve-
duclng gas. This nearv-stoichlometric operation Is sometl-
mes referved to as "one-step reforming”.
In the natural gas-based reducing processes that recyle
part of the reducer-reactor off-gas through the veformer,
(for example une Midrex process) carbon monoxlde and
h¥drogen are genevated according to the following reac-
ttons

200 + 2H, (15)
€O + 3H, (16)

CH.,, + €O,
CH. + HZO

Cavbon dioxlde and water vapor ave also present In the re-
formed off-gas as products of these reductlion veactlons,
fhe veforming of natural gas with reducer-veactor off-gas
produces a gas contalning hydrogen and carbon monoxide In
a ratlio of about 1.5-1.6 to 1.0,

This ratlo can be varled by controlling the amount of wa-
ter vapor In the feedstock,

The conversion effliclency of rveformers |Is very high as
measured by the approach to equlilibrium ¢f the gaseous
products. {n that regard, the methane break-through Is
voughly 0.5 to 1.9 per cent for reactlons (14) to (16) at
condltions mentloned above. Methane break-through Incyea:
ses with pressure but decreases with increasing tenperatu-
ve and Increasing steam/cavbon ratio,

The efflclency of conversion In a refcrmer Is  contlngent
on the use of a sulphur-free feedstock to prevent polso-
nirg and rapld deactivation of the catalyst. fFor that rea-
son, vreformers employ sulphur guards such as actlvated
carbon absorbent,
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[n the Midrex reformer, the reducer-reactor off-gas useq
In reforming may acquire sulphur from the lron oxlide feed.
This sulphur may be vemoved by first using the gas to co0o0]
the ORI product which absorbs the trace amount of sulphun
involved. Because of high purity fuel and addltional pre-
cautions for sulphur, DR processes employlng reformer:
produce a very low sulphur product.
Regarding the reformer energy balance, reatlons (14) tc
(16) are endotheviilic and take place at elevated temperatu-
re, 850 to 1600¢C (1550 to 18350°F). The requlrec
energy s supplied by vecuperation from the flue gas In e
convectlon sectlon of the reformer and by radlant burners
which heat the outslde of the catalyst-filled tubes. Ftov
one-step steam veforming, the methane Is proportioned,
about 40 per cent for fuel and 60 per cent for proces:
gas. However, thne DR reducer-reactor off-gas which con-
tains combustible carben monoxlide and hydrogen gases may
substitute for a portion of the total amount of the fuel]
required, '
Partial Oxidation for Gasiflcation of Hydrocarbons - The
partial oxlidatlion of fuels, especlally coal or oil, |s ef-
fected In gasliflers by reactlion with a gas containing &
high percentage of oxygen:

CoHw + n/2 04, = n CO + /2 Hy (17)
Compared to the reformer reactlons, pavtial oxlidation pro-
duces less gas per unlt of hydrocarbon. For example, 2
unit of methane glves four units of gas In reactlon (14)
compared to three unlts of gas In veaction (17). Meverthe-
less, while additional fuel |s needed to sustain the re-
former veactlons (14) to (16), reactlon (17) of the gasl-
fler |s exothermlc. Furthermore, some excess oxygen |5 re-
qulred to soot formatlon. The resulting formation of car-
bon dloxlde and steam provides even more energy to the
system,
The high energy level of partlal combustion pgrocesses al-
lows the wuse of steam or recyled off-gas from the vedu-
cer-reactor to replace a part of the gaseous oxygen to In-
crease gas productlion, and to moderate the tempevature of
the gas rroduced. The gas may be enviched by (1) passine
It through a bed of hot coke ov by (2) mixing It with pro-
cessed vich gas from the reducer-reactor., In the lattey
case, Installed equipment Is used to condense molsture anc
remove (O, from the reducer-veactor off-gas. Because of
the smaller amount of hydrogen devived from steam, partla;
oxldation processes produce a gas with a lower hydro?en te
carbon monoxlde vratlo than steam reforming of ratural gas
Furthemore, the process employs fuels of higher molecula
welght contalning move carbon than methane. txample vatlo.
of hydrogen to carbon monoxlde In partial-oxidation gasel:
fler gas vary from about 0.4 to 1.2 In fuels vanging fro
bituminous coal to light oll,
The varlous gaselflers employ alternative concepts comprl
sing entrained beds, fluldized beds, packed beds, partia
combustlion burners and electric plasma.




_URIDO_SSA/CII82/947-Ju1/87 o1

.t ot

zf:fiz;iggf? berglo N.G.SCHERER!  26.01.88 |*™¢ 3 % 9 —

COMPARATIVE tVALUATION OF NEWLY DEVELOPED
ECHNOLOGIES FOR APPLICATION IN MINI STEEL PLANTS

Various cquipment members are protected by a water ccoling
system vhich Is tncorporated Into the steam plant to reco-
ver Lhe e¢nergy. The units way produce a liquld slag or a
dry ash dust which rust bhe separated from the gas cyclo-
nes,  Llmestone may be mixed with sulphur-bearing fuel to
effect desulphurization In the gasifler. In another method
of desulphurizatlon, the product gas may be passed through
a bed of dolomlite,

It Is deslrable to perform the gas cleaning steps while
the gasifier gas Is hot. This saves fuel assoclated with
reheating the gas and precludes carbon deposition which
may occur at Intermediate temperatures In the gas vrehea-
ter. In an alternative to gas desulphurization, the DRI
absorbs the sulphur In the reducer-reactor, and desulphu-
{Izatlon is performed In the subsequent steelwaking opera-

lon (2).
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ANNEX
ROTARY KILN PROCZSS DESCRIPTION
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ANNEX 8 - Rotary Kiln Precess Description (2 - Section 4).

The vrotary kiln is a versatile furnace that finds wl-
de-spread use In the production of DRI. The furnace is de-
signed to use hydrocarbon fuels In the Iron oxlde reduc-
tion chamber without prior gasiflicatlion., Althougn ¢lil aud
natural gas are used, the primary fuel scurce is coal
¥?|Ch Is the least expensive form of enevgy In many loca-
ons.
The votary kiln furnace Is a vevolving horlizental cylinder
comprising a shell with an Internal vefractory lining.
Seals at each end jJoln the rotating cylinder to the sta-
tlonary equipment for adding materials and dlscharging
product from the furnace. The furnace Is tilted at an an-
gle of 3 to 4 per cent from the horlizontal tcward 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 dlaceter from 3.5 to 5.0 metres (11.5 to
1257 feet) and In length 50 to 125 metves (164 to 410 fe-
et).
In votavy-kiln processes, coal, flux (If vequired) and
Iron oxlde sre metered Into high end of the Inclined kiln.
The burden flirst passes through a preheating zone where
coal devolatlization occurs, flux Is calcined, and the cha-
ge |s heated to the operating temperature for veductlon.In
the reductlon zone iron oxlde |s reduced by carbon monoxl|-
de. Reduction by carbon monoxide Is the predomlnant veac-
tion because, at the elevated bed temperature, part of the
carbom dioxide reacts with the cavbon in the coal by the
Boudouard veaction. Chemlcal reactions, other than those
clted, occur within the kiln bed but these are heyond the
scope of this dlscussion,
A portlon of the process heat Is usually provided by a
burner located at the sollds dlscharge end of the vrotary
kiln. In an coal DR process, pulverized coal may be sup-
plied to the burner. Fuel oil and natural gas, however,
are viable alternatives. The burner operates with a defl-
clency of alr to malntaln a reducln? atmosphere In the
klln. Additional process heat |Is supplled by combustion of
the volatile matter of the coal and of the carbon monoxlde
emerging from the kiln bed. Combustlon alr |s supplled
through ports spaced along the length of the rot&r{ kiln.
The alr flow IS controlled to maintain a unlform tempera-
ture profile In the reduction zone and a neutral or
slightly reducing atmosphere above the bed. The kiln «as
flows countercurrent to the flow of solids,
The combustion of gases transfers energy to the bed and
sustalns the preheating, calcinatlon, and reduction of the
solids. Radlatlon from the gases and rvefractory walls s
the most Important mechanlsm for heat transfer to the bed,
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However, convection from the gases and from superheated
refractories as they rotate under the bed augment the heat
transfer. Because radlant heat transfer predominates, the
heat transfer ls more efficlent In the product end of the
kiln where the temperature Is higher.

Preheating of solids at the feed end accounts for a subs-
tantlal amount of kiln length because of lower temperature
and lower efflclency. In that regard the productivity of a
rotary kiln Is increased by preheating the Iron oxlde feed
or by underbed Injectlon of alvy for combustion of coal
charged with the lvon oxlde feed or fluld h{drocarbons
that are Injected simultaneously. Rotary kilns that employ
the concept of underbed iInjection of fuel utillze 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 axlally ups-
tream at the product end or admlt part of the coal through
devices Installed on the shell. Both of these methods en-
sure that most of the volatliles are released In a sectlon
of the kiln which is hot enough to sustaln Ignltion.

The main components in the flowsheets of these votary-kiln
systems arve simllav, consisting of a solids-feed system,
the votary kiln, a product cooler, screens, magnetlc sepa-
vators, and off-gas cleaners. The baslc technology for ro-
tary-kiln vreductlon emphasizes the importance of correct
selectlion of raw materials.

The Iron oxlde feed (lump ore or pellets) should fulfil
certaln vequlrements regarding chemical composition, size
distribution and behavior under reducing conditions In the
rotary kiln. fhe feed should have a high |ron content
(prefevably close to 67 per cent for hematite ores), and
corvespondingly the gangue content should be low, so0 that
costs for further processing In the electric furnace are
kept as low as possible., Sulphur and phosphorus contents
should also be low. The minlmum slze of feed ore should be
controlled also, preferably at about plus 5Smm. Besldes
belng elutriated from the kiln, fine ore contributes to
the operating problem of accret lon butld-up (vinglng) In
the kiln., Reduced fines In the product also reoxldlze more
vapldly. Reductibility of the ove, a mcasure of the time
requived to achleve a deslred degree of metallizatlon un-
der a standard set of conditlons, exerts a strong Influen-
ce on the throughput capaclty of the kiln. The bchavior ot
the ore under reduclng condltions Is Important, especially
with regard to swelling, which Is expevienced In sone fe-
eds, and the subsequent decvepltation of such matevials It
kiln travel,

In the selection of coals, lmportant factors are veactl-
vity, volatile-matter content, sulphuy content, ash con-
tent, and ash-softening temperature, Conl reactivity I
indlcative of the coal”s reduction potenclal., With Increa-
sed reactlvity, the throughput rate of the rotary kiln car
be expected to Increase within certaln limits, as Influen-
c?d by the complexity of the multiple reactions that take
place,
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A higher coal reactivity allows the bed to operate at lo-
wer temperature which enhances heat transfer. [n coal se-
lectlion for DR processes, consideration should be glven to
the fact that the volatile-matter content generally In-
creases wlth reactivity. However, thls concept has Its 11-
mitations, because coals with a high volatlle-matter con-
tent will generate move gas than can be used In the pro-
cess for reductlion and fuel. Therefore, for overall heat
economy, the recovery of the sensible and chemical heat
contalned In the waste gas would have to be consldered. In
general, a low-sulphur-content coal Is preferred a&as It
prevents sulphur pick-up by the DRI. 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-veactan. material that
takes up kiln space, a coal with low ash content is desi-
rable. A hligh ash-softening temperature Is also desirable
to prevent, or at least minimize, the build-up of accre-
tlons In the kiln.

The scllds dlscharged frc.. the rotary kiln are cooled,
then screened and separated magnetically. DRI fines ave
briquetted and used together with the normalsized DRI In
steelmaking. A carbon char |s separvated and recycled to
the votary kiln to Increase fuel effliclency. The talllngs
in the product comprise the ash and the lime which con-
talns the sulphur,

fhe hot waste gas from the kiln contalns dust and volatl-
le-mattey and must be cleaned. The gas contains conslidera-
ble sensible and chemical energy which can be vrecovered
for credit. However, several flrvst-genervatlon coal-based
DR plants do not rcecuperate heat. In practice, the heavy
fines are usually settled out In a gravity separatlion
chambey that can also serve as an afterburner, lhe waste
gas s then cooled and cleaned before being released to
the atmosphere. Dust from the settling chamber Is trans-
ported to a waste disposal avea (2).
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ANNEX 9 - Kinglor Metor Process Description (2 - Section
4) and Table 7.

The Kinglor-Metor process Is based on the concept of pro-
ducing [ron continuously by heating a mixture of ore and
coal In an externally-flved rectangular shatt or rvetort.
Earlier attempts to tmplement this concept falled because
the reductlion reactlons are hlghly endothermic and the
production was severely limited by the slow vate of heat
flow into the charge thvough the retort walls which were
made of fivebrick. Kinglov-Metor overcomes these limita-
tions by constructing the walls of the retorts with highly
conductive silicon cavblde and by burning some of the cav-
bon monoxide genevated during veductlon with air In a pre-
heating zone In the upper part of the vetort. Flyure 14-17
shows a schematlc flowsheet of the process.

A plilot plant comprising two reactors was Installed at
Buttrlo, 1Italy by Danlell & Cle., 5SpA and started opera-
tlons in 1973. The reactors are essentlally vertical
shafts of conical shape about 11 metres (33 feet) high
with a top diameter of 0.4 metve (1.3 feet) and bottom
diamster 0.7 metre (2.3 feet). lhe eneryy consumption s
clalwed to be about 16 million killoJoules per metric ton
(13.8 million Btu perv ton) of DRI including vecovery of
0.5 million kilojoules per metric ton (0.4 milllon Btu per
net ton) of DRI from the reactor off-gas. The pllot-plant
opevatlons demonstrated the process to be simple to cons-
truct, easy to operate, and flexible with respect to feed
and reductant requivements.

A commerclal plant capable of producling 40.000 metric tons
(44.000 net tons) per year has been Installed by Ferrieve
Arvedl & Cle., S5pA In Cremona, {taly. The plant consists
of two ldentical 20.000 metvic tons (22.000 net tons) per
year modules, Each wodule contalns six vertical rvetorts 13
metres (43 feet) high,12.5 metres (41 feet) long, and 3
metres (8.8 feet) wide, At this plant, ove and coal are
fed continuously Into a silicon-carbide reactor that s
heated to about 1.1002C (2.010°F) with natural gas ra-
diant burners. Sollid fuel requirements of about 8, kllo-
Joules per metric ton (7.4 million Btu per net ton) of DRI
and gaseous-fuel requirements of about 7.9 kilojoules per
metric ton (6.8 million Btu per net ton{ are claimed for
the process, A plant has also been Installed In Burma,
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ANNEX 10- MIDREX Process Description (2 - Section 3).

MIDREX Process - The HIDREX Process was developed by Sur-
face Combustion Divislon of Midland-Ross Corporation In
the mid-1960"s. The HIDREX Olvislon became a subsidiary of
Korf Industries In 1974. MIDREX was subsequently acqulred
by Kobe Steel, Ltd. In 1983. The flvst commercial HMIDREX
plant was installed near Portland, Oregon and started pro-
duction In 1969, The plant Included two shaft reduction
furnaces of 3,4 metre 311 2 feet) Inside diameter and had
a total capacity of 30 .000 metric tons (330.000 net tons)
per year. The average consumptlion of thls early plant was
about 15 million kilojJoules per metric ton (12,9 million
Btu per net ton) of DRI. Hany difficult engineering and
opevating problems were solved during the fivst several
years of opevatlon of this plant that contvibuted signifl-
cantly to the deslgn, construction and operation of larger
MIDREX plants throughout the world durlng the 19707s.

The MIDREX DR plants comprise the 4.38 metre (16 foot) In-
side dlametey MIDREX Serles 400 and the 5.5 metve (18 fo-
ot) Inslide dlameter Sevies 600-shaft furnace modules. The
number of the sevies originally deslgnated the DRI capa-
clty In thousands of metric tons per year. However, the
S5evles 600 mmodules may be Installed at veduced capacilty
Wwith the possibllity of uprating as more veformey capacity
Is added at a later date

By 1983, more than twenty Midrex moduies wevye Installed
having a total capaclty of about 9 milllon metric tons per
year {9.9 milllon net tons per year); however, not all of
this capaclty 1s operating. Future constvuctlon Is expec-
ted In the Middle East, Oceanla, and the Soviet Unlon whe-
rve supplles of natural gas are avallable,

The MIDREX DR flowsheet 1s shown on flgure 14-2. the maln
components of the process arve the DR shaft furnace, the
gas veformer, and the cooling-gas system. 30lld and gas
flow are monitored so that the process variables can be
controlled within operating limits. The tempevature and
composltion of each gas stveam to the shaft furnace arve
controlled within specification limits to malntaln optlmnum
bed teiperature for reduction, degrez of metalllzatlon,
carbonlzation level (Fe,C content), and to ensure the
most efficlent utlllization of the reducing yas.

The DR furnace Is a steel vessel with an internal refrac-
tory 1lining In the reducing zone. The charge solids flow
contlnuously Into the top of the furnace thyough seal
legs. The reduction furnace |s deslygned for unlform mass
movement of the burden by gravity feed, through the pre-
heat, reductlion, and coollng zones of the furnace. The co-
oled DRI Is continuouly discharged throu?h seal leys at
the bottom of the furnace, The use of seal legs for fee-
ding and discharging sollds eliminates the need for con-
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 DRI Is
screened for removal of flnes. Speclal precautlions are un-
dertaken to minimize any danger of spontaneous lgniton of
the pyrophovic DRI product during extended sterage or
shipment. Elther the patented idrex CHEMAIRE process or a
hot brlquetted lvon process may be cmployed to protect the
ORI. The veduced fines ave finally briquetted to make them
a usable DRI product.

Reducling process gas, about 95 per cent comblned hydrogen
plus carbon monoxide, enters the reducing furnace through
a bustle plpe and ports located at the bottom of the re-
duction zone. The r=ducing gas temperature ranges between
760 and 9279°C (1.400 and 1.700°F). The vreducing gas
flows countercurvent to the descanding sollids., Iron oxlide
reduction takes place accordling to rzactlons (1) to (6).
The partially spent reduclng top gas, containing about /70
per cent cavbon monoxide plus hydrogen, flows an outlet
pipe located near the tep of the DR furnace into the
top-gas scrubber where 1t Is cooled and scrubbed to remove
dust particles. The largest portion of the gas Is vecom-
pressed, enviched with natural gas, preheated to about
4009C (750vfF), and piped into Into the veformed tubes.
[n the catalyst tubes, the gas mlxture |s veformer to car-
bon monoxlde and hydrogen according to reactlions (15) and
(16). The hot rveformed gas (over 9009C or 1.6509F)
which has been restored to about 95 per cent cavbon mono-
xlde plus hydrogen Is then recycled to the DR fuvnace,

The excess top gas provides fuel for the burners in  the
reformer. Hot flue gas from the reformer is used In  Lhe
heat recupevators to preheat combusclon alr for the refor-
mer burners and also to preheat the process gas before re-
forming. [he addition of heat recupevators t¢c these gas
styeams has enhanced process efflclency, helping to de-
crease anqual fuel usage to a reported low flgure of 11.4
to 11.6 million kilojoules per metric ton of DRI (9.8 to
10.0 million Btu pev met ton),

Cooling gases flow countercurrent to the burden In the co-
oling zone of the shaft furnace. The gas then leaves at
the top of the cooling zone and flows through the coo-
ling-gas scrubber. The cleaned and cooled gas |ls compres-
sed, passed through a demister, and Is recycled to the co-
oling zone.

An alternative flowsheet uses cold shaft furnace top gas
for cooling prior to Its Introduction into the veformer,
Thus the DRI absorbs sulphur In the top gas that came from
the vaw matevials, This helps to prevent sulphur polsoning
of the catalyst (2).






