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SUMMARY

The modern oxyeen oper hearth, which evolved ‘hrough challenge and innovation,
T joys 4 strong compelitive position among today's steelmaking processes. Those
open hearth shops which have taker advantage of innovations and changes in technol-
oyv o may bte expected ‘o continue as economic producers for many years io cone.
However, becnuse of lower cost alternatives, it is unlikely that new open hearth
chops will be built in the future.

The Awo ma o ‘evelopments that have contributed Lo the progress of oper hearth
steelmaking durin- the past fifieen years are the widespread use of oxyegen to speed
melting and refining and the evolution of the all-tasic furnace. Thete accomplish-
rer t¢onay be desaribed as being equally imporiant because botih have been used o
attaln the impressive resulls now evident in many open hearth furnaces throughout
the world,

Progress 15 rrecently being made in the developmenti of new mu'erials handling
anc cortrol tecnniques. Kapid charging equipment combined with new devices to
vpeed up physical actions, such as floor clean-up, have preatly reduced congestion
reculviny fror Uovier heal times. Computer screduling of raw mateyials flow has
improved the productivity of a number of installations. Also, new process control
methods, combincd witn improved instirumentation, have led to increased production
rater ana tetier gquality control.,

* This 18 a summery of a paper issued under the same title us ID/WG.l&/G.

l/ The views and opinions expressed in this paper are those of the author and do
not necersarily reflect the views of the secretariat of UNIDC. The document 1s
presented ac submitted hy tlie author, without re-editing.
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INTRODUCTION

The modern oxygen open hearth, which evolved
through challenge and innovation, enjoys a strong
competitive position among today's steelmaking processes.
Those open hearth shops which have taken advantage of
innovations and change in technology may be expected to
continue as economic producers for many years to come.
However, because of lower cost alternatives, it is
unlikely that new open hearth shops will be built in
the future.

The two major developments that have
contributed to the progress of open hearth steelmaking
during the past 15 years are the widespread use of
oxygen to speed melting and refining and the evolution
of the all-basic furnace. These accomplishments may i
be described as equally important because both have
been used to attain the impressive results now evident
in many open hearth furnaces throughout the world. The
full benefit of these achievements will be realizecd
when they are matched by new developments in materials
handling and control techniques.

This paper outlines the major developments in
open hearth practice and describes some very recent work
on materials handling techniques and process control.
Future developments 1n open hearth steelmaking are also
considered and, in light of this, a discussion on
process selection is included.
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RECENT TECHNOLOGICAL DEVELOPMENTS

A. Use of Oxygen

The production of steel 1s essentially a
process of high temperature oxidation. The rate of
oxidation of metallcids in traditional non-oxygen oben
hearth refining is poverned hy the supply of oxygen
from the furnace atmosphere and oxide additions across
the slag layer to the mclten bath. The rates achieved
are strongly dependent upon the degree of hath
agitation, bath temperature and compositicn, ithe nature
and quantity of the slag coverinp and the ability of
the furnace to restore heat abscrbed by endothermic
additions. On the other hand, the injection of gaseous
oxygen into the bath results in improved physical
agitation, the rapid oxidation of impuritiec and the
generation of heat within the bath due to the
exothermic direct oxidation reaction.

Early attempts to apply gaseous oxygen to
the direct oxidation »f the bath are well described
in the literature®- The major development in the
application of oxygen in open hearths was that
introduced by The Steel Company of Wales 1in 19533,
Oxygen was injected through retractable water-ccoled
jet probes rurning through the furnace rocf. This
method found general acceptance by open hearth operators
and, by 1959, at least 100 furnaces in Canada and the
United States were using roof lances™.

Initial experience was with single orifice
prob355 and indicated that 1700 m3/h was the upper
limit for injection. FExcessive splashing anc¢ ve’ractory
wall deterioration occurred at higher oxygen rates. The
introduction of multi-hole probes in roof jettirn:
practice during recent years has proved of great value
in extending the utilization of oxygen for bath refining.
Typical modern lance nozzle designs are shown in figure
1. This form of probe head with openings diverying from
the centre-line to cover a greater bath area reduced the
splashing associated with injection and enabled oxygen
refining to be carried ou* at higher carbon levels
without excessive refractory consumption. Oxygen rates
of up to 5100 m3/h on a single lance are now being used.

The intensive use of oxygen injection during

the refining pericd has resulte ] poomach lower nracess
fuel requirements and shorter heat times®. This, in turn,
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has decreased the total heat losses per ton of steel.
Heat times for modern coxygen open hearths of under

four hours, with fuel consumptions of one million
Btu's/ton, may be compared with over ten hours for
traditional non-oxygen open hearths requiring over four
million Btu's of fuel per ton.

Thoe sequencing of fuel and oxygen in a modern
open hearth 1s chown ir Table 1

During the scrap melting pericd, fuel is
fired at maximum wher the efficiency of heat transfer
from flame to cnid charpge is at its highest. Immediately
after the addicion of hot metal, oxygen ‘njection from
the roof jets is commenced; fuel is drastically reduced
and, in some cases, turned off completely. Strict
temperature control 1s maintained during this time,
bath temperatures being plotted continuously against
the carbon content of the bath. These readings are
plotted on a graph as shown in figure 2 on which a
carbon-temperature curve 1is reproduced. Corrective
steps are t-ken by the operators when required; ore
additions are made when the bath temperature is too
high, or the firing rates are increased if the
temp-rature 1s too low.

In a number of installations® the use of
gaseous oxygen for end-burner enrichment has yielded
beneficial results. Oxygen enrichment of air reduces
the nitrogen load in the furnace per unit of fuel burnt;
thus, higher fuel rates can be used and production rates
increased with lower fuel cost per ton of steel in
furnaces previoucly limited by regenerator and exhaust
capacities.

The relationship between combustiog oxygen
usage and reduccd heat time was demonstrated” using
data ccllected during the operation of furnaces of 200
tons capacitv employing 57 to 65 percent hot metal
charges. Heat times were reduced by 20 minutes for
every additlional 1000 m® of oxygen introduced at the
burners. The results are shown in figure 3.

Furnaces in one instancel®, were enlarged
from an original 80 tons capacity to 170 tons, with
little being done to increase the checker capacity or
flue sizes. The furnace construction placed severe
limitationc on the quantity of fuel that could be fired
but, by using oxygen, it was possible to incrcase fuel
input and improve furnace productivity. Tiese results
were accompanied by a 15 percent decrease in fuel
consumption per ton.
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The application of oxy-fuel roof burners to
accelerate scrap preheating has been widely publicized 1
The burners, operated through the roofs, provide a means
by which separate streams of fuel and oxygen are mixed
and fired to provide high temperature flames of sreat
intensity. TFuel is cut off after the hot metal addition
and oxygen alone is jetted during the pefining period.
While scrap melting rates can be increased using this
method, it has its limitations. I'n practice, the
operation of oxy-fuel burners ra;secs the temperature of
the hearth chamier with a resulting increase in
refractory wear. Noise levels created by the burners
can be troublescnel?.13 also, the localized nature of
the flame from oxy-fuel burners restricts their
usefulness 1in scrap mel ing.

The problem ~i localizea flame impingement and
inefficiernt melting using roof burners has been solved
to some degree by altering lance design and pcsitioning.
In some cases angled exit lances were used which improved
melting ef ficiency and reduce! disruptions to normal
furnace gas flow patterns. On o 400-ton furnace, 1t was
determined that the most effective lance height was 1 to
1.3 metres above the scrap. Using a greater larce jet
height (2.3 to 3 metres) a greater dred was heated;
however, the heating efficicncy was greatly redaced.
When the jet was nlaced closer to the screp (0.3 metres
above the scrap), melting tock place rapidly but only a
small area was melted anad smail particles of molten
metal were blown against the roof and walls of the
furnace wit resulting refractory damage.

K,Q:':.;:ar;*;?‘} reports a 1%
percent increase in productivity and 12 percent decrease
in fuel consumption with oxy-fuel burners and even nore
impressive results have been described elsewhere. It
is felt, however, that some of the figures are
optimistic. The difficulties outlined previously,
particularly the refractory problem, have limited the
application of oxy-fuel burners at The Steel Company of
Canada, Limited, (Steleco). It is sugpested that when
intensification of scrap melting necomes necessary, an
increase in end-burner capacity it preferrable to the
adoption of oxy-fuel roof burners.

[l S b P TR | EI N | I
e 1haand Lited

Dual Hearth Furnaces

The possibil’ty of economically increasing
ingot capacity with a minimum of capital expenditure




generated interest, at Stelco, in the operation of an
open hearth furnace with a split, or dual, hearth. 1In
1964 a tfurnace of 270 tons capacity was converted tc a
dual hearth furnace. The basic concept, of CO'Irse , was
the simultaneous refining in cne hearth and preheating
scrap in the other hearth by burning the CO-rich off-gases
from the refining phase, therety increasing furnace
productivity. I: was realized from the start that the
success of the dual hearth operation depended, in large
measure, upon the rapid charging of tonnage scrap ard a
system, lescribed later in this paper, was developed
which enabled the scrap to be charged regularly in an
average time of 5 to 2 minutes.

Structurally, the furnace remained unchanged
from other furnaces so0 far as the uptakes, checkers,
and boiler were concerned. The basic differences in
the dual hearth design, apart from the centre bridgewall
dividing the two hearths. included additional
reinforcing of the hearth, increasing the door size to
accommodate the rapid chsrging. equipping each hearth of
the furnace with its own jib crare and reagent-handling
syetem, the use of more extensive water cooling in the
furnace construction, and the installation of more
cooling fan capacity. In addition, each half of the
furnace was equipped with three moveable lances located
along the vertical centre-line of the roof--one
straight oxypen lance for refining purposes located
centrally over each hearth and two oxy-fuel roof burners
located on either side of each refining lance. The
conventioral end-burrer fuel system was left undisturbed.

The initial operation cf this furnace with its
problems, their solutions, and some cf the operating
results of the firsi five campaigns has been described
elsewherel. 1In general, it may be stated that the dual
hearth furnace gave an increase in productivity of about
30 percent over the same furnace cperated in a
conventional manner, the input heat consumption was about
20 percent lower, and the oxygen consumption was about
150 percent higher because of the use of oxy-fuel burners.

The dual hearth furnace at Stelco was
re-convertad late in 1967 to a single hearth. As far as
this Company is concerned, the principle behind the dual
hearth is good in theory, but the difficulties imposed
by this type of operation are not compatible with the
existing open hearth shops at Stelco.
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B. Open Hearth Refractories

The development of the all-basic open hearth
was of no lesser importance than that of the practice
of using tonnage oxygen in open hearth steelmaking.
High oxygen blowing rates became economically possible
only with the adopticn of basic refractories throughout
the furnace.

The history of refractory consumption in
North American open hearths is shown in figure 4. For
many years following its inception, the open hearth
furnace was lined predominantly with silica brick in the
front, back and end walls. The roofs, too, were almost
universally constructed of silica brick. Clay brick
found extensive use at points which did not demand the
high refractoriness of silica, especially below floor
level, although, in some cases, clay bricks were used

as back-up for the silica brick. Basic refractories
were used very sparingly, being larpgely confined to use
in subhearth construction and at the slag line. It was

not until around 1949 that basic brick began to be
substituted for silica in any quantity, first into the
front and back walls, and later into the end walls. By
1946, basic wall construction was firmly established as
an economical practice15 and the first basic roof trials
in North America were well underway; Luropean open
hearths had had basic roofs tor some time.

Tollowing the early work on the installation
of oxvgen roof lances, it became quite apparent that
changes in furnace design and construction were
absolutely necessary if furnace life was to be maintained

or improved. Silica brick, even in its high purity form
was incapable of withstanding the high driving practice
accompanying the use of lances. Naturally. then, a more

intensive look was taken at the use of basic brick in
the roofs.

The first basic roofs, in Europe, had been of
sprung arch construction, with fired chrome-magnesite
brick. This construction, while quite satisfactory for
small open hearth furnaces resulted in failure by
buckling or collapsing when used on larger furnaces. Of
the new roof designs developed to overcome this problem
with basic refractories, probably the most important
emerged _1in 1958--the Fairless hold-up, hold-down roof
desigr+¥. The increase in the number of heats on the
“g5i~ roof with this design above that normally obtained
on silica roofs was significantly greater than the




economic break-even point. Consequently, the
installation of similar ro~fs in other plants,
including Stelco, followed rapidly.

Other design charyes, too, were gradually
evolved to overcome the increased gas volume and
splashing that resulted from the use of roof lances.
These included raising the roofs higher above the bath,
widening the port onds, enlarging the slay pockets at
the expense of the checker chamber, whilst maintaining
the regenerative capacity of the system by 1mproving
gas flow distributionl’?, enlarging the checker chimneys
to reduce the rate of plugging, and encasing the slag
pockets and checkers in steel housings to decrease
leakagels.

At the time of the rapid swing to basic roofs
in the late 1950's, the basic brick available was
predominar tly chemically-bonded and silicate-bonded.

In many shops neither of these bricks proved to be
completely satisfactory as open hearth practice moved
to higher levels of temperature and oxygen usage; it
became imperative for these shops that improved basic
brick become available. The critical improvements

were soon recognized to be in the direction of lower
silica content, lower porosity, and higher strength at
operating temperatures. These requirements led to the
development of direct-bondedl®-2% hrick which has been
commercially available since about 1964. This brick

has gained an increasing acceptance by the industry,
especially in some of the high-productivity furnaces
operating under the severest conditions. On the basis
of individual shops, there are indications that
d.rect-bonded brick provides the most economic refractory
roof systemzs. At Steloo, however, good roof 1life, up
to 1200 heats on the 460 ton furnace, has been obtained
using 77 percent magnesia, chemically-bended, brick.

The relative economics of the two brick types has not
yet been resolved in the context of Stelco's operations.

Another refractory product which has appeared
recently on the market is the fused-cast basic brick.
As the name implies, the constituents are melted
completely and cast into shape. These bricks possess
a very low porosity and very high hot strength; they
are also very expensive. Tests are still being made
with this brick to determine whether the increased
service life will justify the higher cost. Even if
fused-cast brick should not meet the desired economics
of refractory costs to enable it to supplant other
common refractories, it may be that its role will be to




complement these other refractories 1in attaining the
'balanced furnace'.

Accordine to the 'balanced furnace' concept,
differ ntial wear between various parts of the furnace
should be nuilitied, as far as poscible, Py assigning
the proper refractery materials and thicknesses to
varicue zones of the furnace on the hanis of wear
patterr.  The crevating conditions of edach open hearth
shop, both in operatiny techniques and physical
limitations, are vpeouliar to that chep and the refractory
utilization pattern must be tailcored to thal shop.  Work
towards the 'balanced furnace’ at Stelos has evolved 10
rhe follovine. Ronfs dre mainly oconstrustec ot
chemiceally-Londed brick containing 77 percent mAayneslo
and 11 ~f the axyyon furnaces ar. equippe! wit!
extensive fan installations over thelr roofs to essar
that the outer race of the bhrick is kepr < lean, . . no
insulating build-up of dust The furnace walls, whioh
employ extensive water coolinpg, ©.,. the 5 T ton furnace
uses 17000 litres/min., are of burnsed hicie hrist
containing 40 percent magnesia, altho o burned Traok
containing G€ percent magnosia 1o used ot tihe slap Tinwe
The protection of the chevier brick from the bigh
temperatures of the waste gases har oo gl tre g
of water sprays which arc activated by rodoararic Teved)

P

sighted on the s ek 260 The hearth holttoms dre now

being constructed of burned 87 to 8% cepccnh! mapnes?
e : §

. . - R i LI W
brick, replacing the former ramme<d bottoms” . Thi

conctruction i somewhart more econoci el oy 5o bar
its performance appears to be bette: Anctter type of

bottom is currently being snccessful'y " osted in the
United States--high (irad Jdodiocite rommed into ptooe.
The dolomite is conciderably less exnensive than the
magnesite usually emploeyed for this purpo.e

Spray maintenance is a very important
supplementary aic in achieving the 'balanced fucnace'.
Gunning is probably the most popular procedure and
both hot and cold (below red heat) gunning e yossible.
Traditionally, the aggregate refractories used ir this
application are more expensive per cubic foot of
material than the equivalent brick wculd to. The cost
savings in gunning lie in the lower labour costs, the
more complete utilization of the total furn:ace
refractories, through running repairs to balance out the
wear pattern, and increased furnace availability. Any
gunning programme, of course, needs to be continuously
reviewed on the basis of economics. The importance nf
gunning in open hearth maintenance 1is evidenced by the
number of gunning programmes described in the
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literature?8-32 rhe gunning programme at Stelco has
extended roof life by at least 20 to 2§ percent. Roof
gunning is begun when the roof first begins to show
severe wear areas, as evidenced by hot spots observed
during furnace top inspection. These areas are
selectively gunned, at firsgt infrequently, and then
more frequently and more extensively as the furnace
gets older. The roof life 1is prolonged to match the
wear life of the other refractoriecs in the furnace. As
an example of the amount of roof gunning required, the
average life of the 460 ton furnace over the rast four
campaigns was 1144 heats and this required less than

1 Kg/ton of gunning refractory,

The refractory consumption for Stelco's
oxygen open hearth shop may be secn in Table IT.
Promising new refractories and refractory practices are
continuously being tested and developed and those which
show an economic advantage are acopted so that the

figures shown in Table II can only be expected to
decrease .

C. Materials Handling

As discussed earlier, the intensive use of
oxygen in modern open hearths has led to significant
increases in furrace preductivity. As heat times
become shorter and shorter an ever-increasing need for
improved materiils handling and shop scheduling
techniques has becceme apparent. 1In fact, these factors
now represent the principal hurdle in increasing the
productivity of modern open hearth shops.

The first, and probably most significant
development arising from intersive oxygen usage, has
been the trend towards larger heat sizes. Fewer
furnaces producing the same “otal tonndage reduce
logistic protlems and, ultimately, the operating cost
per ton. An added benefit of larger heats is reduced
heat loss and resultant lower fuel consumption per ton
of steel. During the period from 1950 to 1960, for
instance, the number of open hearths operated by the
United States Steel Corporationl® decreased from 305
to 250, yet their open hearth ingot capacity increased
from 26 million tons to 36 million tons. Over the same
period the average heat size increased from 134 tons to
128 tons and the average tap-to-tap time decreased from
17 hours and 5 minutes to 9 hours and 43 minutes. A
similar trend has been experienced in the U.S.S.R.




During the period from 1950 to 1960 the average open
nearth heat size has increased from 115 tons to 216
tons32? and furnace sizes of up to 900 tons are now
in use.

To take advantage of the potential gaine from
the application of caseous oXxygen a number of shops
have introduced new techniques and equipment to increase
the rate of scrap charging to the furnace. In most
cases, more charging bugpies and boxes and additional
floor-type charping machines have been added to reduce
delays in scrap charging. A novel charging technigque
has been developed 1n Czechoslovakiald¥, in which scrap
is discharged into the furnace by large bugples
equipped with tilting and shaking devices. Perhaps
the most significant development to arise from Stelco's
experience with the Dual Hearth Process was the
introduction of a rapid-floor charging mechanism. A
diagram of the box used is shown in fipure 5.

These boxes have a volume of 6.5 cubic metres
and are operated by the standard floor charging
machine. The box is positioned in front of the furnaces
and is emptied of its contents by the action of the
charging car ram pushing the rear movable wall through
the box discharging the ccrap over the front lowered
ramp into the furnece. Larper furnace doors were
installed in conjunction with this technique. The
charging rate using these boxes is 12 tons/minute. A
Germany company is presently using a roof charging
technique which has the added henefit of reducing
floor connesficn35h

Tn addition to these developments, other
materials handling facilities have bcen improved 1in
modern open hearth shops. Additional hot metal cranes
and new ladling stations have been added to handle
incoming materials. Extra pit cranes, ladles, preheat
stations, ingot bugpies and mould service have been
installed on the pouring side. A sipnificant development
in materials handling has been the elimination of
slag pots for either front or rear flushing furnacesl®.
Front flushing for example, when followed by slag
removal from beneath the furnace by loaders and
subsequent withdrawal from the pit in trucks or rail
cars has greatly reduced confusion in the pit areas.

Computer scheduling of materials flow has
also led to production increases. Computers are
presently being used at the Yawata Steel plant 1n
Japan3t for inventory control of raw materials,




!
ID/WG 1A /e
Page !

efficient utilization of hot-metal transport ladles,
scheduling of tapping times and repulating mould shog
and stripper operations. At the Kawasaki Iron Works3?
computers being used for materials flow and process
control have 1increased operational efficiency, reduced
the number of furnace additives and have produced a
higher uniform quality of products.

D. Instrumentation

Coupled with faster refining and the
introduction of process control computers has been the
development of rapid sensing and control devices. In
some cases, combustion and waste gas control systems
have been completely automated’.

The development of the immersion thermocouple
and rapid carbon analysis techniques such as the thermo
carb38 and the thermal arrest carbon determination
have resulted in improved process control. Rapid
response vacuum spectographs are becoming a standard
tool for melters programming ladle additons.

E. Stelco's 460 Ton Furnace

By way of a summary for this discussion of
recent technological developments in open hearth
steelmaking, reference is made to Stelco's experiences
with the 460 ton oxygen open hearth. Table III shows
the operating performance of this furnace from 1962
to 1967,

This example demonstrates the ever-chanpging
nature of oxygen open hearth practice and the benefits
to be realized through experience and progressive
innovation. Modifications to the furnace operation are
continuing and will result in further improvements in
its performance.
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FUTURE TECHNOLOGICAL DEVELOPMENTS

The improvements 1in open hearth practice over
the past ten years have indeed been impressive. As
this paper has indicated, these gains have been due
primarily to the application ol paseous OXygen and the
use of basic refractories. Although improvements have
beer mmde in materials handling and procens control
procedures, it is felt that their dev-lopment has not
kept pace with the major innovetions. The full benefit
of faster heat times will be realized with the
optimization of these procedures.

The trend rowards computer control of materials
flow 1s certain to continue and will further improve the
efficiency of modern oxygen open hearth operations. The
scheduling of operations fron rhe blast [urnace through
to the finishing mills will soon become commenplace .

The role of the melter in the open hearth is chanping
rapidly from that of an arti-an to that of a
communications and control expert. His experience 1s
still required for bottom repair and assessment of
furnace condition but, in a modern shop, this is his
only direct association with the furnace. The melting
and refining is carried out by the first helper usinyg
push-button controls. The 'melter', on the other hand,
is spending more of his time co-ordinating furnace
operation and materials flow using mcdern communication
systems. Incidentally, the control system for a modern
open hearth need not be an elaborate computer centre.
At Stelco, it has been found that rapid communication
and simple print-out of essential data to the
api.opriate personnel are paramount 1in establishing

an efficient practice. For instance, automatic
weighing of blast furnace hot metal with oimultaneHus
teletype print-out of the weight and cast analysis in
the melter's office can lead to much improved operating
control. The complexity of the optimum control svster,
of course, will depend larpely on the number of furnaces
operating in a shop, the sumber of physical actions
required and certainly the shop product mix. Monte
Carlo39 simulation methods can be of preat assistance 1in
sorting out materials flow patterns and in choosing a
control system.

Further modernization of the techniques and
equipment used in performing physical actions in or
about the furnace is required. Certain fixed or
'furnice inactive' periods, such as the fettling time,
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are now receiving serious attention. In non-oxygen
open hearth practice, where 12 hour heat times are
encountered, a one-hour fettling period represents a

mere eight percent of the heat cycle. In modern shops,
the same operation represents 7§ percent of the heat
time. Thus, seemingly minor improvements, such as

spring-loaded pay-out wheels for oxypen scarfing hoses,
larger diameter throwing wheels for dolomite machines
and new techniques for rapid tap hole repair, can lead
to sipgnificant productivity gains in oxygen open hearths.

Oxygen furnaces with high firinp capacities,
using high percentapes of hot metal, have encountered
another fixea or 'inactive' furnace period. The period
'start charge to hot metal addition' becomes shorter
with higher hot metal percentages. The optimum time
is governec by the time required to adequately preheat
the scrap charge. The optimum and actual start charge
to hot metal times for Stelco's 460 ton open heart,
are shown in figure 6.

Above 60 percent hot metal the actual
meltdown period becomes longer than the optimum. Two
operations, scrap charging and cleanup (30 minutes)
and building furnace banks (30 minutes) become
rate-controlling above 60 percent hot metal. Tast
charging, which is not used on this furnace would reduce
this period by about 12 minutes. Work is progressing
on the design of rapid banking machines ard the use of
heavier and speedier equipment for floor cleanup. The
ultimate solution, of course, would be a furrace havinp
permanent banks. Such a furnace, equipped with rapid
charging, could produce heats every three hours. ltor
the 460 ton furnace this would mean a productivity of
approximately 155 inpgot tons per hour (tap-to tap).

Process contrel techniques have been
initiated, as discussed earlier, and will continue to
develop. A simple control device (in the form of a
slide rule) has been developed at Stelco. It enables
the melter to regulate his scrap melt fuel rate
depending on the percent Lot metal in the charge, the
percent silicon in the hot metal, the hot metal track
time from blast furnace to open hearth and the scrap
melting time. Conversely, if the melter wishes to
fire fuel at maximum, the rule can be operated in the
reverse direction, using the same parameters, to
determine the optimum hot metal percentage in the charge.
The use of this slide rule (the calculation is also
available to the melter on a computer) has resulted in
lower fuel consumption, and fewer co.rective actions
during the refine period.
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PROCESS SELECTION

A. Open Hearth Modernization or Replacement

Progressive industries are continuously faced
with expansion and replacement decisions. If the
Industry as a whole and individual organizations within
the Industry are to remain competitive, the costs of
producing a particular product or products must be kept
to a minimum. FEach producer must be aware of the
ever-changing technology and should be assessing his
operation in relation to others on a continuing basis.

Those companies with modern open hearth
facilities faced, and will continue to face, a rather
complicated decision process. The situation is
summarized in the following example. Consider a
company which is presently producing 1,000,000 ingot
tons per year using modern oxygen open hearths and
whose expected demand requires that the company expand
its steelmaking capacity to 1,500,000 ingot tons per
year. Engineering estimates for increasing the open
hearth capacity by 500,000 tons, principally through
the modernization of materials handling techniques and
equipment, are $7,500,000. The alternative is to
replace the open hearths by an LD shop consisting of
two 150 ton converters, one operating, with an annual
capacity of 1,500,000 tons at a cost of $33,000,000.

A summary of the expected producticn costs of these
two approaches 1is shown in Table IV.

In the example cited in Table IV, the raw
materials costs for the open hearth are lower due to
its greater use of scrap; 60 percent hot metal
practice versus greater than 70 percent for the LD.
It is assumed that the present blast furnace and coke
oven facilities can handie either approach. If not,
capital charges for increasing the capacities in
these areas must be included in the raw meterial
charge. This additional cost would be less for the
open hearth because of 1its lower hot metal requirements.
The operating costs for the two processes are expected
to be approximately equal. The capital charges at 12
percent interest are, respectively, $0.6 per annual
ton for the open hearth and $2.60 per annual ton for
the LD. The expected total production costs ($49.60
vs. $52.10) would favour expansion via increasad open
hearth capacity.
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The example, of course, is hypothetical and
does not mean that modernization of existing oxygen Open
hearth facilities is always the beot alternative. Each
open hearth operition is characterized by its own cost
cituation. Tor instance, if expected operating costs of
the open hearth were $517.00, instead of the $12.00 cited
above, the decision would be revercoed.  In any event,
it is essontial that an analysis ol this =sort be
performed tefore rodernizetion or replacement of existing
operations takes place.

B. Green Ficld Locations

The proce=s of selecting steelmaking facilities
for green {ield sites also requires careful analysis.
The market situation, availapility and costs of raw
materials, power costs, scale of operation and location
of plant site must all be thorough'y studied before an
evaluation of the cteelmaking alternatives can commence.
The large capital costs of new open Learth installations
rules out +the selection of this process. The choice of
an LD operation versus an clectric furnace installation,
or even a combination of the two, is arother matter.

The LD process 15 a hot metal user and, as
su~h, must be linked to coke oven and blast furnace
facilities. Te realize the ecoromies of modern hlast
furnace--1D combiasations 1t 1s generally considered
that the facilities must have a minimum annual capacity
of 1,000,000 rtons. Operations smaller than this are
seriously challenged by modern electric furnace
operations using 100 percent scrafp. “he answer, of
course, 1S not as simple as the above statements would
indicate. The majority of the ctatistics on stecimaking
facilities have their origin in larpe developed
countries where huge hot metal oriented steel complexes
are producing the major portion of the hot and cold
rolled products, with the smaller electric furnace
operations producing mainly specialty pgrades. The
wider use of <lectric furnaces ha:s been limited by power
costs, their complete dependence upon scrap and their
inherent inability to produce low-nitropgen deep
drawing steels.

This set of circumstances presents A quandary
to the developing nation which wishes to produce a wide
ranpe of products but has a small total marke? and
virtually no scrap supply. Perhaps the most attractive
approach to steelmakinpg in this situation 1is the
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continuous charging of reduced ircn ore, possibly in
the form of pellets, into an electric arec furnacebl,
This process has just been developed at The Steel
Company of Canada's Premier Works and would appear to
offer op rating and capital costs per tan of steel
which are more than competitive? with those enjoyed
by large-scale steelmaking complexes based on the
traditional combinations ot blast furnace and oxygen
opcn hearths or LD converters.

Moreover, this approach solves the problem
of insufficient scrap availability, does not require
expensive coking coals and coke plants and provides
the possibility of gradually escalating the production
capacity as the demand for steel increases, thereby
avoiding at all times, excessively large outlays of
capital and over-capacity situations. This new
steelmaking process is expected to become completely
competitive, even to the production of deep drawing
Steels, and could become a standard practice not only
in those countries just beginning to produce their own
steel but, also, in those nations whose steelmaking
industries are already well established.
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TABLE I: Operations Sequence for a Modern
Oxygen Open Hearth

iFuel Use,|Oxygen
MM Input,
Keal/hr.|m3/min.
Start charge to first hot
metal gy 0
First hot metal to finish
iron h72 136
Finish 1iron to 0.50 carbon 0-25 227
0.50 carbon to 0.20 carbon 62 141
0.20 carbon toc 0.10 carbon 75 70
5 minutes before tap 88 0
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TABLE II: Refractory Consumption, Stelco
Oxygen Open Hearths?

Refractory

Consumption
total Kg/ton

Basic brick
Clay brick
Total brick

Basic spray

3.60
0.99
4.59

3.00
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TABLE IV: Production Costs; Open Hearth
Modernization vs. Replacement
by LD

Process Open Hearth LD

Annual capacity, tons 1,500,000 }1,500,000

Raw materials costs $36.0 $37.0
Operating costs $13.0 $12.5
Capital charge (12%) $ 0.6 $ 2.6

Total production costs $49.6 $§52.1
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