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by

W. Janke and H. Garbe, :
Federal Republic of Germany

SUMMARY

The SL/RN process for the reduction of iron ores with solid carbonaceous
reductants in a rotary kiln has been developed over the last Years to a stage of
commercial exploitation in various pilot plants. The largest existing pilqt

plant unit for the process is capable of producing 100 tons of sponge iron per

day. Several commercial plants havirg a total annual throughput capacity of
2 million tons ore are under ecnstruction or already in operation. The largest
plant has been designed for an annual production of 300,000 tons of sponge iron,
It will go on stream in Canada at the end of next Year and will be the largest

production unit yet built in the world.

The process is distinguished by its simple and clear arrangement, by the use
of units approved in practice and by its flexibility with regard to requirements

concerning the quality of raw materials,

This is a sumeary of a paper issued under the same title as ID/WG.14/19.

»*
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The quality of iron ores is exclusively determined by the kind of further

treatment of the reduced ore. For the direct steel production in the eleotric

arc furnace a low content of gangue - approximately 5% at the maximum -~ is

required, whereas as a blast furnace or electric reduction furnace charge for the

reduction of pig iron within the 1imits of econcmy the gangue is not subjeot to

any limitation.

The ores can be charged both as lump ores - 5-15 mm grain size preferably -

and fine ores, The latter ores must, however; be agglomerated prior to being fed

to the rotary kiln. In this oase, it is advantageous to pelletize the fine ore,

possibly after grinding, and to preharden the green pellets ard heat them to

reduction temperature on the grate preceding the rotary kiln by using the heat

content of the kiln wacte gases, By this measure, the rotary k.:ln is relieved to

40

a great extent from heating the feed materials to recuction temperature and is

essentially used for its main task, that of reduction. Thus the spesific

capucily of the rotary kiln, particularly that of large units, is more than

doubled and by a consequent reduction in size of the kiln the additional oest of

the grate iz oractically oompensated.

With certain limitations any cca. can be used as a reductant if the ach~

) . . o . .
cof'tening temperature ranges approximately 1007C above the desired reduotion

. . o . . .
temperature, that ic at approximately 120C°C, Non-caking, hich volatile oeals

are prelerred, Thece coals are dictinpuiched particularly by their high

reactivity thot exercises a deoisive influence on the specific reduotion oapacity.

A further advantage o that, oontrary to low volatile ccals such

as anthraoite oz

coke breeze, alditional heating of rotary kiln by gas or oil it not required, By
means of a upecial technique the coal ig pneumatically charged st ihe kiln

discharge end uand the volatile components expelled in the kiln are burnt on their

way to the 1ved end.
With the exception of the reduction degree, the compogition of sponge iron
depends exclustively on the analysis of the ore fed,

The degree of reduotien can
be adapted to corresp

ond to the requirements of the following process, For steel

lectric arc furnace a Sponge iron with g metallization of more
than 95% and a sulphur content of less than 0.02% is desirable,

production in the o

This ocan be
produced without any diffioulties by the SL/HN process.
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The investment cost will, in particular, depend on plant size, arrangement of

plant, conditions orevailing at site, and prices of machinery and civil engineering
work in the country concerned. A turn-key plant of medium s1ze, approximately
300,000 tons of ::ponge iron per year, based on (lerman conditions, will cost
approximately DM 30 mitlion or DM 100 per tor. of Sponge 1iron per year. The
specific plant cost of a 100,000-tor plant wiil increase to approximately DM 150
per ton of sporge irun per year and that of a 500,000-ton plant will deorease to
approximately DM 50-90 per ton of spong: iron per year, the above-stated costs

being based on one production unit.

The operating costs are mainly determined by the costs of ore and ocoal, upon
which fall as much as 75—80% of the total cost. The selection of raw materials
will therefore not only be influenced by the quality of raw materials but also by ‘

their prices.

In principle, sponge iron can be charged into all known metallurgical
furnaces for pig-iron, feundry-iron and steel production. By a consecuent
utilization of the sponge iron properties in chemical and physical recpects,
advantageons effects on productivity, produst quality and process economy could be

shown by the respective examinations.

The positive influenoe exercised by the use of prereduced material in blast
furnaces and electric reduction furnaces on their operating figures is known from
the literature of the last years: the consumption of reducing agents and of energy
decreases and the productivity increases with the percentage of the sponge iron in

the burden.

If, however, ores poor in gange are available for direct reduction, the
indirect way via pig iron will no longer be economically justifiable for steel
production. Intensive investigations during the production of steel from sponge
iron in electric arc furnaces lead to a new process by which the free-flowing
sponge iron can be continuously fed directly into the bath of molten steel. "The
melting and refining operations run, to a great exteat, parallel whereby, compared
with steel production from Scrap, capacity increase: up to as much as 4%% oan be
attained. Some further advantages, such as improvement of quality, better utiliza-

tion of transformer units and uniform heat Llmes, were observed. The process is,
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from a technical point of view, fully developed and the results could be confirmed
with sponge iron rates of 20-100% in electric arc furnaces of different sizes in

the UInited States of America and in Canada.

By a combination of direct reduction plants with modern electric steel works
it will be possible for smaller plants also to produce steel at competitive
prices. When planning the SL/HN reduction plant and the cteel works it will be
advantageous to intepgrate them. The -rrangement of steel works should be adapted
to the properties of the new iron-bearing material. The csponge iron is trans-
portec via belt conveyors and bine to the continuous furnace charging equipment

that can also be used for other additives, such as slag-forming constituents.

A comparison of investment costs of in‘tegrated steei works clearly shows,
for all the cases involved, lower investment costs per ton of raw steel for
integrated SL/RN plants and electric arc furnaces than for conventional combinations
of blast furnace and basic oxygen furnace plants. The cost advantage is parti-
cularly pronounced at small capacities of up to 0.5 million tons of raw steel per
vear, but it is still considerable at high capacities of up to 2 million tons of
raw steel ner year. The difference in cost will increase if plaats for coke
production and burden preparation {sintering or pelletizing plants) are to be

provided for the blast furnace.

ihe comparison of production costs per ton of raw steel is to be oaloulated
anew for each individuul case because the local fluctuations in raw material and
power costs are to bte conesidered. In normal cases, however, the treatment costs
of an electric steel works combined with an 30./RN reduction plant range below those
nf the conventional blast furnace/blast oxygen furnace combination. Due to the
developuent of atomic power it is to be expected that the trend of falling costs of
eleciric power will continue. The electric steel production will profit from this

development in future too.

Besides the coct advantages, the process described above offers, in certain
instances, a possibility of producing steel from ores that are unsuited for the
blast furnace. A typical =xample is the steel plant of New Zealand Steel where
sponge iron produced of Ti0.~bearing sea sands by the L/RN process wil. be
directly converted to steel in electric arc furnaces. This plant will go into

operation at the beginning of 1969,




ID/WG.14/19

SUMMARY
Page 5
The method of continuous charging of SL/RN sponge iron to electric furnaces
enables on a suitable ore basis a possibility of building and operating cmaller
plants competitively and of using in many cases & raw material basis that is not
utilizable for the wonventional blast furnace procesc. Moreover, it is likely
that sponge iron produced in large plants in countries where especially favourable
conditione of raw material prevail will become available to a limited extent in
the world market. For the time being, however, no definite predictions can be
made. With one single exception, all the SL/RN plants have hitherto been built

by the consumer and are integral components of steel works.
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1. Introduction

Particularly during the past 10 Years, systematic improvernientg
of the blast furnace Process, new steelnaking processcs and
the continuous casting technique have changed considerably

the appearance of iron and steel works, Blast furnaccs or
small capacity have been replaced by large units witn an
annual production exceeding 1 million tons of pig iroun anc

the BOF process and electric arc furnace are being substituted
for the Thomas process and open hearth, furnace. Al though
this development is not yet complete, the stee) industry

must now consider a new process combination, namcly, the
production of Sronge iron with subsecquent melting in the
electric arc furnace.. Consequently, the dircct reduction
Processes in which the iron ore is reduced in the solid stage
have taken on new importance,

According to a study made by the Batelle Institute (1), the
nroduction of reduced iron ore will amount to-10 mil®Ion tpy
in 1975 and to 29 million tpy in 1980.  For the moment jt

is difficult to predict to what extent the aforcsaid production
figures will be realised, It will depend, anong other things,
on whether the higher production costs of the elcetric arc
furnace compared with the blast furnace can be compensated

for by the lower pfoduction costs of the sponge iron. The
outlook is fagourable since the reducing agents used in the

direct reduction process (non-coking.coals, natural gas and

ofl) ére cheaper than coke and since in future the price of
current will tend to decrease. Added to this is the incrcasing
availability of high-grade concentrates, pellets and Yunp

ores as well as lower capital investment for steel plants

based on sponge iron production and elcetric arc furnace.

In this connection, it is rcmarkable that at this very moment
Plants with a total production of more than 3 million tpy
reduced iron ore based on different dircect reduc%ion processes
are in operation or under construetion, approxinately 1.6

million tpy thereof being produced. by the SL/RN process,
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Actually, the greatest interest in the direct reduction is
shown in countries vhich do not have a sufficicent quantity
of suitable raw materials for the blast furnace, These
countrics hope to be able to use their owvn rav naterial and
energy sources with the aid of the dircet reduction process,
Typical examples are the Honterry stecl plant in vhieh
natural ras ic utilised for the reduction of iron ores and
the steel plant under construction in New Zealana, In thig
plant sponge iron is to be produced from a Ti0_ -containing

2
maguetitc concentrate by using lignite as reducing agent

‘for processing in the elcetric arc furnace,
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.Iron ores can be reduced with gaseous or solid-reducing agents,

However, the advantages and disadvantages of tlhe different
Processes arc not under discussion in this paper as extensive
literature is already available on this subject, In this
conncetion, the meeting held at Evian in 1967 () is pariicularly
referred to, This paper only covers the SL/ik process and

in particular variants, raw materials and relevant costs,

Process flow sheet

The SL/RN bProcess was developed separately by twvo groups of
companies - Stecel Company of Canada (S), Lurgi Gescllschaft
fiir Chemie und Iiittenwesen mbi (L), and Republiec Steel Corp
(R) and National Leaa Company (N).- Both processes are based
on the use of a rotary kiln as reactor and solid carbon as
reducing agent.

In the RN pProcess (3), the development has been concentrated
on the reduction of low~-grade iron ores with subsequent
beneficiation, and in the SI, Process (4, 5, 6, 7) on the
reduction of high-grade iron ores into sponge iron which
can be directly utilised for stcelmaking,

Figure 1 shows the flow sheet of the process variant using
Pellets or lump ores and low-volatile reduction coal, The
raw materials - ore, fresh reduction coal, fetqrn coal and
limestone or dolomite - are charged into the rovary kiln
and preheated to the reduction temperature of approximately
110000. The reduction time at this temperature depends on

the desired reduction degree.
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MAGNETIC
SEPARATION

= SPONGE IRON

~ FLOWSHEET ]
(T OF SL/RN-PROCESS L H 1759

"""" € 1)

The kiln product passes through a gas-tight sluice into a

directly water-cooled cooling drum and is cooled down to a
temperature below 100°C to avoid a reoxidation of sponge

iron. The cooler discharge consisting of coarse~grained

and fine-grained sponge iron, return coal, coal ash and
desulphurisation agent is separated by screening and magnetic
separation into the vdrious constituents. The grain size

of the kiln feed is so adjusted that the major part of the
sponge iron can be separated by ordinary screening. The
fine-grained sponge iron is removed by low intensity magnetic
separétors. The return coal can also be separated from the
coal ash and the desulphurisation agent by screening to remove the
- 1 mm fraction. This fraction comprises the desulphurisation
agent which is fed in a grain size of - 1 mm and the major

part of the coal ash,

Kiln heating

The'optimum reduction temperature depends upon the fusion
temperature of the raw materials. To achieve a high through- -
put, it is necessary to operate the kiln at temperatures

Just under the fusion temperature of the raw matérials charged,
In this connection, close chceking of the kiln tenperature

is important. Figure 2 shows the temperature gradient which




ID/MG.14 /15
Page 7
was measured in the scmi—commercial plant of the Steel Company
of Canada, It was possible to maintain a constant tenperature
of 1100°C over a length of 21 . from the total kiln lenstn
of 35 m - whieh corresponds to 60 % of the kiln length,

GAS TEMPERATLREC
[ 3
o
o
A
P
&
m

6004 T
N
o f
. S §
200“ N i
L
0 s 0 ) ® » % »
FEED END DISTANCE FROM FEED END (m) DISCHARGE END
/ waar TYPICAL TEMPERATURE

PROFILE INSL/RN kitn | H=1261

(2)
Figure 3 illustrates two heating systems which best meet
the'abovq requirements, When using low volatile coals,
the kiln is heated by a central burner situated at the kiln
discharge end and by shell burners distributed over the whole
kiln length, the discharge opening of which is located at

the kiln centre.,  Combustion air and gas or oil arc supplied
separately through both kiln head seals to the shell burncrs,
The kiln heating can be simplified by using high volatile
coals as reducing agent since, in this case; an additional
heating by gas o2r o0il can be avoideq. Fresh coal is injected
into the rotary kiln at the discharge end.-and is instantly
degasified as soon as it comes into contact with the hot kiln
charge, The gases escape from the coal and burn on their

way to the kiln feed end by the injection of air through air
noizles which are distributed in the same way as the shell
burners over the kiln length, The combustion air is con-

veyed to the air nozzles by means of fans mounted on the
HCE ;
kiln shel].
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(3)

2.3 Combination: Prelieatire unit - rotary kiln

Ores with a lov gansue contenl are preferable for the pro-
duction of sponre iron to be processcd in the eleetrie arc
furnace. Such wies are cnly available in a snall number
of deposits, Tt is this 1o bo expected that mainly fine-
grained concentrates are utilised for the sponre iron pro-
duction instead of Tuwp ores, Thiese concentrates, with
the exceplion of a fow types such as, for exanple, spiral
concentraics, have Lo be peltetised before they are fed
inte the rotary lLilu, Undcery certain conditions, grecn
pellets (7) can be direetly cinurzed into the rolary kiln,
However, in most cases, a thermal pre-treatment of green
pellets ir reconrended, For this purpose, a greal variety
of systems such as travelling grates, shaft furnaeces ete.

can be applied,

Figure 4 shows the flow siieel based on a travelling grate,
The pelletls are pre-hardened and pre-hecated by the waste
gases lcaving the rotory Liin, This process variant enables
an eccnonic combinution of rednction and agglomeration of
fine ores, Morcover, the througlinut can be raisced con-
sidevably cs the rotaryy Liln is to a great extent freed frou
thie taslh oi pellel pre-be st end con thas be utilised nore

cfficiently for the reduaction, It is obvious that the

capacitly per kiln unit con be increased thercby, Actually

the bigrest units beine desisned are kilns with an annual
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pProduction of 500,000 to 600,000 tons sponge iron, The
kilns required for this capacity will have a diameter of
6 m and a length of GO - 70 m,

CONCENTRATE .

PELLENIZNG

s [l

PRE HEATING GRATE REDUCTION Kil N

HIN PROCHICT
0 200LER

| b
] SURN-KILN WITH PRE-HEATING ORATE I M 178t

(4)

£.4 Rav naterianls

WVhen the SL/nx proeess was developed great importance was.
attachied to the use of a great variety of ore types and
reduecing agioxxt(s:.g'i). The setection of ore type is linmited
only by the ncthod of processing the reduced ore. Ir
sponge iron is used in the eleetlrie arc Turnace, the sangue
content of the ore shaonld net exceed 5 ¢, Hovever, when
the rcduced ore jso trealed in a blast furnece or in an
clectric ironaakine furinace, the Langue content is not
confincd villvin coonong e Fimits, The grain size of the
ore feed depeuds on ity reducibility, In the case of lunp
ores, the groin sive i« betsceen 5 and 20 mn and in the case
of pellets betveen 10 ang 15 nm,

| ‘
RAW MATERIAL  GRAIN SIZE ANALYSIS | REMARKS

|
| ‘
. — N R -
IRON ORE fdaoendmg o0 [ e Limitation 7
. Reducbity | i

i
LUMP ORE [0t 5. 20mm | geper ang only |

GREEN PELLETS

I
i
| on Product
i

R, 1 |
HARDENED P{LLEYS‘) processing |
FNE ORE | dust - hee & l
;‘ . | Ash Fusion Tempe - ( 5)
COAL i minus 10mm J no Litnitation ?'Q'U" above 1200°C
| <Lnan - caking
e i e 4 .
LIMESTONE | manus 1 ’ no Limitation {umovphous type
OOLOMITE | dust - free | i
S I A
i I 1
]

LURGE [cHARACTERISTIC DATA OF RAW MATERIALS | M 1788
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Practically all solid carboniferous agents except highly

caking coals can be used as redueing agents., The nost

important prerequisite is that the ash fusion tcuperature
is about 100°C above the workiug temperature i.c. 1200°¢C.

The preferable grain size of eoals is below 10 mu.

From a technological viewpoint, the ash and sulphur contents
are unlimited, However, for economic reasons, coals with

a lowv ash and sulphur content are prcferred.

A very important faetor in the coal evaluation is it5 _
reactivity. It is a criterjon for the rate of conversion
of the 002 formed duriug reduétion into CO. The faster
this reaction takes place, the higher will be the CO
cencentration in the charge and also the rate of oxygen
removal from the ore, Conscquently, the reaetivity of the
coal has a deceisive influence on the kiln throughput. High
volatile eoals, in perticular lignites in whieh the. optimun
reaetivities were observed, arc thus especially suitable as

reducing agents,

Dolomite or limestone of 0.1 - 1 mm grain size arec employed .
as desulpburisation ageut. This agent should have a high
mechanibal strength to keep as low as possible the fines
portion caused by desgradation,

I'inal produet

Table 6 gives sone typical sponge-iron analyses, The com-
position of sponge iron depends on the ore analysis and on
the reduction degree, The oxygén combined with iron and
with the more positive metals as well as the metals to be
volatilised (zinec, lead ete.) are removea at a reduction
temperature of approximately 1100°%, It is possible to

attain reductioun degrees exceeding 95% with referehnece to

iron oxide{
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[ PREHARDENED |  GREEN
TYPE OF ORE u:h?:: PELLETS PELLETS
HE HEMATITE | MAGNETITE
SZE mm|  6-15 10-15 10-15
Fe % | 684 65.8 68,0
s % 0.01 0,01 0.05
SPONGE_IRON
Fe - TOT % | 967 91,9 95,5
Fe.MET % | 941 88,4 94,0
METALLIZATION % | 97.3 96.0 98.4
s % 0,05 0,013 0,008
c %‘ 0,% 0,264 019
— TYPICAL CHEMICAL ANALYSES
(1umat OF SPONGE RON H1758

The absorption of sulphur is largely preventeq by the addition
of dolomite or limestonec, According to +‘he nature of sulphur

Present in the orc, desulphurisation is to a certain extent
possible,

The low carbon content of sponge iron Primarily consists of
deposited carbon, The carbon content depends on the quality
of reduction coal. In the case of high volatile coals thich
m;'a.inly form soot maximun carbon contents of about 0.5% in the
sponge iron were mcasured,

Capital and production costs

The capital. costs depend not only on the plant size, but also
on the plant layout necessitated by the‘type of raw materials
to be uscd and by the method of pro'cessing’the reduced ore,
local conditions and prices for machinery, ele:trical equipiient

and civil engineering work valid in the country in question.

It is therefore impossible to give particulars which have

general validity:
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Guide figures on the capital investment can be seen in diagran
7. The capital costs, calculated on a German basis, only
cover the plant itens within battery limits,: Storage yards,
railway tracks, roadvays, land etc. arc excluded. f'urther-
more, it has been assuied that a highly reduced sponge iron
is produced in the plant and that all raw materials arc

availablc in the desirecd grain size,

g & 8

=2

CAPITAL COSTS
(DM PER ANNUAL METRIC TON)

1
Q1 Q2 Q3 Q¢ Q5 Q6 Q7 18 Q9 10-0°
SPONGE IRON (METRIC TONS PER YEAR)
J— CAPTTAL COSTS
(LURaI) OF SL/RN -PLANT

g 2 8 8 E

H 1756

(7)

Table 8 contains the consumption figures for a plant with-
an annual production of approximately 300,000 tons of sponge
iror., These consunption figures are offercd mercly as a
guide and may vary according to the orc ahd coal quality,
plant sizc and plaut layout. The production costs pér

ton sponge iron and the percentage of the various cost
factors greatly depend on the local conditions and have to
be scparately evaluated for every particular casec, The
break-up of costs given in Table 8‘f0f orc, redueing agents,
operating costs, amortisation and interest is based on German
conditions and on thc use of 2£§£§§¥¥%4 lump ore with 67%

Fe and lignitc as rcducing agent. In this particular case,

the produetion costs amount to approximately 130 to 135 Dil
per ton of sponge iron,
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PLANT CAPACITY 300,000 METRIC TONS (LURGD

PER YEAR. —

CONSUMPTION FIGURES PER METRIC TON

OF SPONGE IRON.
RON ORE 67%, Fe 1420 kgs
COAL 3.5 x 105 xeal M@.
LIMSTONE / DOLOMITE 70 s T
ELECTRIC POVWER 55 KWh QQLR
WATER 2 cum PR
MAN HOURS 0,25 h METRIC TON

BREAK - UP OF PRODUCTION COST 5PQ ——35
ON THE BASIS OF GERMAN CONDITONS 2TROE IRON

REDUCTION COAL OPERATING

cosTs
RAW MATERIALS AMORTISATION H 1757
(ORE / LIMSTONE ) AND INTEREST

(8)

As ore and coal represcnt the two main cost factors -~ in the
present case they represent more than 75 % of the total costs -
the plant site is of overriding importance, ‘It may be ihat

in the near future sponge iron will be produccd primarily

in countries with very favourable raw material conditions

and will be transported to the steel producers (eclectric

steel plants), However, at this Juncture, no definite
particulars can be given in this respect, As can be secn
from Diagram 9, all SL/RN plants, with one exception, form

an integral part of steel plants,

oMY MovELD srEe [ NEW ZEALAND | FALCONBMOGE
VANADLM  LMOMWONS STERL LID NOXEL MINES
sTE o ermes AUCKLAND FALCONBRDGE
SOUTH AFRICA NOREA | NEW ZEALAND | CaNADA
STanT-UP Y 1988 e EARY 9 LATE mey
AT STE  4KUNS és8Om 1NN 6y @Om | 1AEN 42 78m 1IN 8 50m
W7 PRE - W peg -
NEATNG GAWE MEAIING GRATE
1000000 290.000 %0 000 5 000
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2.7 Commercial plants

By the cnd of 1969 nore than 1.8 nillion tons of iron ore
will have been processed in 4 plants comprising altogether

7 kiln units, Further commercial plants are uader desipgn,
The characteristics of these plants which are conpiled under
figure 9 illusirate the great flexibility of the process
with regard to iron-containing rav materials, rednction
coals and the reduction degree required for the trecatuent

of the reduccd ore. Dctails of the plant layout have

~ already been specified in other papers (Q, 8).
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Processing of sponre iron

Although sponge iron has ‘been produced ana processed for
some decades now, 2 series of detailed tests have been carried

out during recent years with the aim of investir

Aating the
technology and economy of sponge iros processing, Basically,
8ponge iron can be cmployed in all known nctallurgical
furnaces for the production of pig iron, foundry iron, and
steel,

Blast furnace

The blast furnace test results (g -16) with pre-reduced
material in the burden available so far are indicated in
diagrams 10 and 11,

COKE CONSUMPTION (% )

LI I B S ™ S S S S
——& METALLIZATION OF GURDEN (%)

DECREASE OF COKE CONSUMPTION

LURGI BY CHARGING PREREDUCED BURDEN | | 1504
INTO THE BLAST FURNACE €

J

(10)
The degree of metallization (F?met/Fetot) is the abscissa

on both diagraus, The degrece of reduction, indicating the
percentage of oxygen removed,-is‘unsuitable as the base of
refercnce, A pre-ceduction, from hematite to wustite, for
instance, would hardly affect the productivity and the cole
consumption, For this reason, the question regarding the
use of pre-reduced or pre-metalliscd material in the blast
furnace is not at all irrelevant, since it is significant
whether nerely a certain part of the oxygen from the total
burden is removed by partial reduction or by a complete
metallization of a part of the burden,
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Diagram 10 shows the percentage decrcase of the cokc con-

suription in relationship to the degree offictallization of
the total burdein.

The coke consunption with conventional oxide burden in various
blast furnaces wvas talen as 100, and has been used in each
instance as a startine poinl for the test gseries swmarized
here., Othier parameters sueh as furnace size, irvon yield

of burden, substiiute fucls, blast tenperoture, cte. wvere
disregarded in the test evaluation, Despite the antie-
ipated scattcering, the values rcadily arranged thensclves
around a sitraicht linc representing a decreasce in colie cone

sumption of 0,5 pcr percent of burden rretallized,

The evaluation of the perceat produection inercasce as a
Tunction of the degrec of retallization (diagram 11) in--
dicates an in~recasced blast furnace productivity of about

0.7% per percent bnrden rietallized,

? w N
z +
’7"04
E-«
] +
% we +
«
§ o] '
. ‘ (1)
1304
*
+ .
- + +
4 0
104
IR B ,
8> METALLIZATION OF BURDEN %

LUR INCRE A'SE OF BLAST FURNACE PRODUCTION
al BY CHARGING PREREOUCED BURDEN H 1593

From results available it is now Possible to reliably pre-
dict the anticipatcl production inercasc for degrecs of
up to 50% burden metallization. The feiywr data available
for metallization degrces of 50 - 100, require further
verification by additional tests,
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Under certain conditions, the use of pPre-redueced imterial
eould prove to be an cconoiical neasure for ihe increased
ouiput or existing Llast furnace plants, For very nieh
degrees of pre-reduntion 1l is doubtful vhether the blasi
furnace is stjl1 the noat ccanniical aceresate or vihether
it would not e beiter to consider Lhe use of 103 chartlt

furnaces or hot blast cupola furnaces instead,

3.2 Elcetric iron-iaine fuinnee

The advantages of hurden pre=reduction are stil) nmore cvident

for lov shalt fiuinaces - v particalar clectyie ivon-making
furnaces ~ than ror blast Jurnaces, The electrie jron-
—t

naliing farnice hag practically no shafd, Hence. there ig

very little of tlie shori Pro-licotine and pre-recvodion
Vhich {alies ploce §n o blivt furnnee, Faeh neasure whieh

perforus these praces: stepr in advance nust be oi dirccet

conscquence (o capacity, coke ond pover consuinmtion,
Therefove, a Coviplete wetalYization is no pre-rerquinite
In this cose,

A coke consuiption oi 350 k¢ and wan cnergy conswaption of
2000-2400 KN per tea of pig iron ore are norunl figures
for a cold high-zrade oxide burden, According to thn
calculations of Astijer (17) it is feasible by the wse of
875 pre-vedie.d buréen — econivolent to L0 derree o
petallization - to aclijeve & cole consiapt jor of leogy than
100 kg and an cnersy corunption of 00 ki h pev ton of pig
iron. Furtherviore, o product ion increase or up to twvice

the initial fizuve eon be capected,

Combined pre-reduction and eleciric iron-making furnice
Plants are, for example, under construction or in operation
in Skopje - Yugoslavia, in Nighveld - South Afrieca and

also in Yorea,

3.3 Cupola Furnace

The use o highly rcducca 5ponge iron in Cupola furnacer
has been variously investigated ( 18). The chemical
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purity of the sponge rcsulted in the expeeted high quality

of the produacts, Sponge iron in particular is extirencly
well suited for the melting of foundry pig iron with nodnlar
graphite and of hot metul for {he preduction of hish grade
steels in busic oxyveen furnaces, Additional investigations
arc, hewever, necessary in this field, as the charee of
relatively saall-sized wateria! in the form of spouze pellets
or small spoufe ivon briguettes has led to scegrerations

in the cupola furnace, An anprovenment shonld be quite

possiblc with the aid of Iarper-gized briquettes,

Electric are Maanee

In spite of the successful results achicved and cstablished
in the usce of sponsc jron for the nelting of pig and feandry
pPig iron, it recuains to be scen whether the detour over pig
iron te sterl is at all Justiviable with a low-gangue con-
taining ore. Lump ores wnd pellets with iron contents of
65 to 0694, being no lonser rare, cian, by dircet rednction,
be converted into o waterial with nmore than 9%% total irvon
content vhich, uwilike pip iron, does not contain inpnrities
like carvbon, silicon, mauranese and other clenent«a, According
to the purity of the ores nsea, the gangue eonteant of such
sponge iron is quite oy, It can be used in place of serap
With rood results for all conventional steel proauetion
processes, The yesults of tests made in this resard in

the basic oxyeen Turnace and electric arc furnaee are,

although partly still uapublished, already availuble,

The use of sponge iron of various oripging in electrie are
furnaces is well-known. A specia) advantage for the melting
of high grade steels is the purity of the material which,

if the appropriate ores are used, eontains virtually no
eopper, zinc, and ehrowme apart from low sulphur and phos-
phorus contents, This particular property of' the sponge
iron has been used deliberately for nany ycars, especially

in Svcden, The high production costs of the conventional
sponge iron producing mcthods, for instance the NNoganis

wroeess, have, however revented a more extensive appli--
] ] 1

cation. Alro, a slow nelting rate was oftcn observed
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when sponge was used in an electric arc furnace when using
standard buc'ct charging, This has led to lonyer cyele
tines and to an in-reuscd chergy consuiption, For this
reason, a Jgescarch group of Lurgi G.n.b, I, Gernany, Stecel
Coupany of Cimadn, and Pickands Muther - USA, has extensive-
1y studicd the sitability of SLAR Spence dron peltets,

in particular as o charpe o electric are fovitices, By
the use of new rethode, copeciatly of the cantinuons charg-~
ing, of sponrc iron anto cleciric arc stec] naliing furnaces,
it has been posgibie 1o aeliiceve prodactivilty increasces of
up to 450 as conpered Uit tne sltandard werap process,

Herce again the celicaical prriiy and the haoorenci ty of the
sponge, vhich is continuously added (o o carburized molten
pool unbil the spevilicd stoe) analyris ds reached, ave of
decisive dniportanee, Thic new process hoo been developed
in an clectric oicel plant in Ldwonton, Conada, and is
reported dn the pablicotlions of J, (. Sibatin (19 ).
Therefore, o detailed dereripiion is not reaujred here,

In the neantine, these surprising resulfis have heen con-

firned by fvvther tests carried oui in other steel plants

by interested Tiims, uring eleeleie furnaces of up to 135

netriec tons canocity, !
PLaNT by ) ¢ o
FURNACE j
‘
1
Capacity t f 21 13 20 13%
She!l diameter mmo 3350 S200 3M0 670
(12) ‘
Transtormer rating kVA 8000 187 5000 SO000
[l 1
:’:\;:2:; lranstormer wa 0O W00 00 5% 0w
i
Electinde diameier mm X S0 X4 810
1 J—
R DAlA OF ELECTRIC ART FiRNACES
I USED FOR SPONGE ON 5TEF( MAKING [ H 1739

Diagram 12 gives the technical data of the furnaces used
so far aand diagran 17 shovs tho arrangeaent of the con-
tinuous eharging equipuent for sponge diron to an electric

arc furnace, This charging system can also be used for

other additives, for instance lime or ore,
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-
|
|
{:T' ;.'
|
i (13)
‘ :
;
T T
NN Y EREDING SYSTEM
L""‘L‘fﬁ:&&iﬁ:@&@ Fomar L ms |

The high incrcasc of production rates obtained with this
process as conpared vith the nornal scrap practice is to
be attributed to the reduction or elinination of the con-
ventional! rciining period viiiell procecds concerrently vwith
the period of continnoug sponge enargine, Tt depends upon
the chemical anetyces of scrap and sponre iroa and on the
steel specifieation wn to what freveentases of sponme iron
arc necded to achiceve thyo piroductivity increose, In

nany cascs, vininng percentovea o f spencse iron of 0% to
25% in the eline ape sufiacient, On the other haond,

it is quite possible (o Gpoviie cleetfric steel furnaces,

Tor instance, with o aintore of Soopraninately 7507 sponge

and 255 in-plant veiogrn sevap if coimereicl scrap is Loo
expensive or fon diifienlt to procure, This offers an
extensive flexibility in the sponce dron/servap ratio, thus

permitting the uae of the cheapest rav uaterials available,

A conpurison betveen the heat balance of the couventional
scrap practice and the sponge iron practiee shows that tvo
different cffects appear:

= the hcal losses per ton of sicel are diminished
by decrcasing lap-to-tap tiue;

- the caevey contwntion per ton of steel is

inereased duc to the aizount of heat required

for rancue nelting and slageing,
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According to Sibakin (19), diagram 14 denonstrates that a
decreasc or inereasce of the cnergy consuniption, as comparcd
with al] serap heats, can be anticipated depending upon ihe
perccunlage of sponge iron usced and gangue content of {he
material,

Integrated reduction and steel malking plant

The additionn! cquipacnt required for the continnons charging
of sponge iron into the (lectric Turmaces accordine to the
Nnew process cun he incorporated in cxisting steel works
without any particelar difficulties, In the layout of

new plants Frojecled for sponge iron processing, the
chiaracteristics of Lhe new material and the requirements

of the new process shiould he talien into consideration right
from the start,

e ELECTRIC MELTMG Serwp
WATH CONTBMUOUS FEEDING SYSIEM Filc rNGE 1RON
R SO

(15)
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Diagram 15 shows a scctional view of a steel shop of this
type. The transportation of the material from the unloading
point or stockpile and within ihe furnace building up to

the electric furnace ciiarging is carried cut by belt con-

\
veyors or other continuousnly working devices, Veighing

and control machincs should be provided fTor the exact

naterial
pProportioning wiich is an inportant factor in the process,
From tihc storage bins for sponge iromn, ore and Tfluxcs, the
materials are discharged in the required quantitics andg

continuously fed into the elcetrice furnace,

Diagram 16 shows the scheriatic flow sheet of an integrated
SL/RN reduction plant and an electrie are

steel-making unit,

T “,.,_Q .. - (18)

=T ¥ .
SP : SPONGE IRON LI S,
0 . ONVDE PELAETS e
OR IRON CRE
s . LiME

CONTINLNLIS CaSTIN

e - -
Lear INTEGRATE HEDHCY:O[NWAND STEFLMARIN, 1 an- H 1734
The sponge iron produced in the reduction plaut is conveyed
dircetly to the stoclk bins of the stee? shop, A covercd
Sponge storuge arca is provided as a by-pass to adjust and

synchronize the production of both plants,

To avoid reoxidation, the spongc -iron should alvays be pro-

tected from direcet inflvence of rain and rnoisture by pro-

viding covered storage arcas or bins,
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ﬂ—ﬁﬂﬂL (17)

T BT e 88‘?‘-‘:

(o

STOCK vaRD ELECTRIC MELTING snao

Lwaal INTEGRATED REDUCTION AND STEELMAKING PLANT H 1743 ,

Diagram 17 shows the plan of a combined SI/pN steel works
equipped with one reduction kiln and tvo electrie furnaces,

With a reduction plant of an appropriately large Capacity
and, for instance, electric furnaces cach vith a capacity
of 200 tons, a plant ot this type can produce up to

1.2 million tons of ray stcel per year,

The layout of such an integrated SL/RN steel plant is
relatively sinple in comparison with & conventional steel
works, The hebessary brocess steps of both methods from
the raw material to the raw steel arec briefly coripared in
the diagram 18, |

STEEL Vi
_PIGIRON . sPONGE IRON

SINTERING OR PELLETIZING |

e PRODUCTION | &1 /2w — Repucrion (78)
J

BLAST FURNACE moucnouf
|

BOF - | ELECTRIC  ARC

STEELMAKING STEELMAKING

:
|
|
|
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Diagram 19 shows a ebmpariSon of speeific investnment costs
between the usuol stccl-making method via blast furnaces

and basic oxygen furnaces and the new mcihod of direct
reduction combined with clcetric are steccl-making., The
eosts are related to the annual production of the regpeetive

Plants and are based on conditions brevailing in Germany,

(m!a:»cu.ucmcmi waar
@] R e
“o7 CORKE_CONSUMPIION - BLAST ARINAGE
» TR NE RN | OMPARISON
e OF
%0 CAPITAL
") COSTS
‘a.’l)1 S bt
e (19)
0 SINTER PLANT -
815){ BLAST FURNACE-BNF =
i VERSUS
g’m'f SL/RM REDUCTION -
b 180 ARC FURNACE
3=
o +
mi SL/RN. PLANT« ARC FURNACE.
e 0 R R B e EEE—
STEEL IN LADLE | werwic rows per verr | H 15

TR

For example, at an annual production of 0,5 million tons
of stecl, the required investment costs of an SL/RN stcel
pPlant amount to only 00% of those for a plant based on blast

furnaces, Even if it is asswmed that the iron-making plant

with blast furnaces does not produce its own metallurgical
eokec or, in other words, that part of capital foreseen Tor
the coking plant is not'required, the investument costs for
a stecl plant based on the SL/RN-dircet reduéﬁion proecss
would still be 25% lower than for onc using pig iron.  In
this cvaluation, only those plant scctions within battery
limits are conpared which are basically different in both
processcs, Certain requirements necessary for both cases,
such as land, roads, railway tracks, storage areas, and
subsequent processing plants arc not included in thesc con-
sidcrations, It is asswied that ore fines or ‘econcentrates
With an iron content of more than €37% are available and that

300 scrap will be uscd in the steclmaking furnace for both

pProcesses,
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The shaded area of the blast furnace reduction curves
represents a certain Variation of the specific pig iron
output for a blast furnace with 4 given Nearth diarcter,

The specific colke consumplion per ton of pic iron s been
used as an indicator for broductivity, The upper curve

represents a coke conswiption of 550 L per

o

ton or pig iron,
the lower curve a coke consumption of 500 kg,

For an annuail produection of approximately 1.6 1illion tons

of raw steel, the investuent cost curves fop blast Turnaces

shov a step beeause it has been assuned in the calculations

that one unit is capuable of Producing a naxinum of approximately

1.2 nillion tous of piy iron pesr an

e,

[ oM PER ANLAL METRIC TON ,

unor
20 J . %‘E%EEYS OR SZED ORE
@0 -
» i w
W { CAPITAL
w COSTs

(20) :

VERSUS
SL/RN REDUCTION
ARC TLRNACE

o
!
G w e ' H e |
. STEEL IN LADLE | semmc TONS PER YEAR |

Diagrai 20 sihiows sinmilar curves whiel are based on sized

ore burden for both Processes, The costs for the agelol—
eration plant have been cxcluded in the caéo‘gf blast fuirnace
reduction and the investment costs for the SL./RN plant arec
also lover as no conceuntrate grinding and green balling
equipitent ig needed,

The above diagrans indicate clearly that the direct stcel
Production requires considerably less capital investment
for all practicable production capacities — anradvantage

o
L]




ID/WeZ14/19
Page 26

which, through amortisation, also directly influences the

production costs,

The scrap consumption of 30% - based on the Fe~content -~

as used in the cost calculations already prcsents the

upper

limit for BOF-steelnaking and is only appropriate for vessecls

with a large holding capacity.

The investment costs will

rise if the pig iron pereentage is inereased in the case

of small-sized vessels.,

The direct steel production, however, allows the choicc of

any desired sponge iron/sorap ratio, the practical range

being between 25 and 75% sponge iron in the steel-naking

charge,

The lower limit of the sponge iron percentage

is set by the mininmum necessary to inecrcase the productivity,

vhile the lower limit of the scrap charge is determined

by the given percentage of in-plant return scrap,

[ome PER AvbUAL METRIC TOM |

CAPITAL  COSTS

ARREALAREEEERE]

vl CAPIAL COSTS OF COMBMED

?li?"llc STEEL AMLANTS

v
'

b

AND

I

mmmulbuuu:-inu‘#
STEEL IN LADLE [remc moe ren vean]

w'

ORE TO STEEL

CAPITAL
CosTs

(24)

Diagram 21 shows how the specific capital investnments for

integrated SL/RN .elcctric steel plants tend to decline when

L)
the percentage of scrap in the charge is inercased.

scrap perccntages
a reliable source

quality is available,

Higher

should be considered in all instances where

of reasonably priced scrap of satisfactory
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A couwparison of the production costs per ton of steel of
both processes can have no general validity as ihe costs

for raw raterials, energy, and wages vary according to the
local conditions.

Diagram 22 shows the result of cost calculation for an
example worked out under German conditions,

[om]

N

SL/RN-REDUCTION.
ELECTRIC ARC RCE

modoo|  (22)

04

:
;
En
:
5

H &9

™=

The production costs for direcetly produced steel are about
8% (18.75 DM/t.) lower than the couparable costs for stecel
produced from pPig iron in basic oxygen furnaccs, Both
figures arc based on the use of lump ore with 65% iron
(0.85 DM/Fe-unit) and on 30% scrap (Fe~basis) in the steel-
making charge at a price of Di 130, per ton of scrap,

The calculations are for an annual capacity of 500,000 tons
of liﬁuid steel with an amortisation and interest rate of
15%t for all plant sections,

A comparison of the costs reveals that the diffcrence in
the reduction costs ig mainly influenced Ly the additional
césts for metallurgical coke when compared with the cost
of coal for direct reduction, This difference in costs
will be evident in all cases, regardless of cecrtain
variafions due to local conditions.
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The conversion costs in the electric steel works are essen—
tially influcnced by energy consumptioﬁ and cnergy prvice,
The present example is based on 520 kWh per ton of steel

at an energy price of DM 0.035 per kVh, This accounts

for more thun 30% of the total conversion costs, In
future, a reduction of the unit cnergy costs rniay bhe anti-
cipated, espccially in view of the decrecasing production
costs of nuclear cnergy.

CosTS
PER KILOWATY - HOUR

= COAL
Prawn — L

] ~o— NUCLEAR

L L L. 3 v B YEAR

WM& - | COST VARIATION FOR ELECTRIC ENERGY | H 1748

( 23)

Diagram 23 indicates the declining tendency of the pro-
duction costs for power from various encrgy sources in
Europe (20 ); the steep drop in the instance of nuclear
encrgy may be attributed almost exclusively to the dccrcase
of the capital costs for nuclear pover plants achieved by

the technical progress during recent years.

Apart from the obvious cost advantages offered by the

dircct production of stecl frow sponge iron, it is offen
possible to make use of raw materials which would be un-
suitable for the blast furnace process, In nany régions

there is, for instance, a shortage of coking coal although
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non-coking coals svitable for the SL/RN process arc rcadily
available at favourable priccs.

In special cases, it is often possible in the SL/RN process
to utilisc ores unsuited for use in the blast furnace. >
These arc mainly iron ores, containing titaniun dioxide,
which produces a highly viscous slag in the blast Turnace.,

A lypical cexample of thé proccssing of such minterial is

the stecl plant of New Zealand Stcel presently under con-
struction, where beaeh sands containing titanium dioxide
will be up-graded, pelletized, and converted to sponge

with 76 - 77¢% total P'e-content in an SL/RN piant. A lignite
with a fixed-carbon content of approximatnly 500t is euployed
as rcducing agent, The sponge iron will contain 10 - 12¢
TiO2 and up to 20% total ganguc, During the subsequent
processing in the e¢lcctric steel plant the slag rcsulting

from the gangue will be removed without difficulties.

‘The plant will start production in early 1969 and is designed
for an annual capacity of 140,000 tons of raw steel in the

initial stage.

Summary

The SL/RN reduction process combined with the direct con-
version of spongc iron to steel in electric arc furnaces
opens up new possibilities with the following advantages
to steelnakers :

- exploitation of domestic raw materials not usable for
conventional iron and stcelmaking processcs

- use of scrap in any desired proportions

- possibility of using lower grades of scrap in coublnation
with sponge iron frec of traup cleucnts

- reduction of capital investment by as ruch as 40%

- .reduction ol piroduction costs by 5 to 10

- competitive production costs cven for srall-sizecd pro-
duction units,
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