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In many cases the bells revolve in order to allow a better distribution of

the materials in the furnaces. In each successive charge, the entire
operation is repeated in a similar manner.

At the same time that these raw materials are being charged into
the furnace stack, a large quantities of preheated air (1800° F.) are
being blown into the lower part of the furnace through a number of
inlets called tuyeres. The resultant heat at the bottom of the furnace
begins to burn the coke which in turn generates additional amounts of
heat and gas. The heat and gas tend to rise up through the furnace stack
;nd as they do they come into contact with additional quantities of coke,
ore and limestone which is then reduced into a spongy mass of iron. As
the material at the bottom of the furnace reaches a temperature of about
3500° F., the iron which is then in a molten state begins to drop into
the furnace hearth. Slag, which is a product of the interaction of lime-
stone, coke ash and material other than pure pig iron, is also formed
in the process. This matter is considerably lighter than the iron and
will float at the top of the molten material from which point it can be
separated from the pig iron. Firgure 2 illustrates the process.

The pig iron and slag are tapped from the furnace hearth by means

of the tap hole for iron and the cinder notch for slag. The cinder notches,

there are usually two, are higher than the tap hole becausec the slag floats

on the top of the iron.
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The modern blas* furnace 1*-eif .9 Leually in excess of 100 feet tall.
The ger.eral de<ign of *the turnace can he divided 'n*o four parts: the
furnace top, the stack, the bosh and *he hearth. The tap has already heen
described.

The stack is that part of the furnace which rises from the mantle to
the furnace top. 't is a steel jacket. cy'indrica! in shape and lined with
refractory brick in order to protect 1* from rap.d wear due to the intense
heat and pressure and friction of the burden as it moves downward. The
lines of the stick on most modern turnaces are tapered from bottom to
top to give added strength and durability to the structure. Further, this
design allows the furnace burden to move downward toward the hearth
with minimum danger of burden separation which can cause dangerous
"blow outs.' The mantle which :s the w:dest part of the furnace 1s
surrounded by a bustle pipe through which the heated air 1s forced and
from the bustle the hot air is fed into the tuyeres and then into the
furnace. The number of tuyeres per furnace differs to some extent,
but in general the number will be between 18 and 24 depending on
particular furnace requirements and designs.

Below the mantle and the bustle pipe 18 the bosh, which is tapered
from top to bottom on the inverse of the stack design. However, the
bosh is much shorter in length than the stack, i.e., only about 15

feet on the moderr. furnace. The angle of the bosh is usually about

79 to 83 degrees, and is so constructed in order to allow an easy downward
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Toe Oper Hearth Furnace

At the present. and over the past %O years, the open hearth furnace
hoe suppired the groater part of the worid's steel. The open hearth
futmpce, ®hich gots it's name f(rom *he design of the furnace, was first
tome @ivod by Sy William Seimens after the middle of the 1 9th contury.
Sinc e that time the lirmace and i(ts opera’.om have been subjected to
many changte and improvements,. all of which have recuited in a mere
*#f8ie sont and dopondadie speration Actually there are twe types of open
Moarth feraaces, e basic open hoarth and the acid opon hoarth, s dis-
Hies thon which 18 dote rmmined by the type of refractory woeod in the furnace.
Bace he acid apon hoatth io almest entinet today and, ia fact, nove?
reperocentod large tennages, the following docession will be confined
e the e oic spon haarth,

Ibe Qnen Megrth Farnpse Plags

Aa spon hearth shap wovally consiots of o sumber of iadividas] for-
0co0 conoirvctod side by side in o row. Th o is the conter Line of the
overall epea hearth plant. The section o the open Noarth plant whieh io
Jocotod directly ia frond of ond adjacont to the furnace doore is called
he charging sides or charging flosr. Thie ares is wonally cometrectod some
20 S0t above the actunl ground lovel of the plaat. On the bach osids of
e frrnsces, snd ot ground lovel, the pit sids or peuring cids is Jacated.

Here, the epon hoarth furnnce 16 tapped and the melten sioel is teom. .




into the ingc?’ moids. Figure 3 represents a ciuss section of a typical

open hearth plant, together with a closeup of the furnace section. Figure
represents a cross section of the furnace.

On the charging s.de of the furnace, there are two sets of parallel
rail tracks. The tirst of these, wh.ch 1s often of narrow gauge and is
closest to the furnace doors 1s dee.gn=c to carry charging boxes which
load scrap and other items into the turnace  The second and wider gauge
is designed to carry the charging machine. The charging machine is
wsed to charge solid materisls such a¢ scrap 17on ore and limestone
into the furnace. These are loaded into the charging boxes in the scrap
yard. The bones are then place on small rail cars called charge buggies
and moved inte position in front of the furnace doors by means of a loco-
metive. The sise and capacity of charge bones will differ in accordance
with the eise of the open hearth furnaces. When the charge boxes are
in position in {ront of the furnace which 18 abou' to be charged, the
slectrically eperated charging machine 18 moved into position behind
them The arm of the charging mach.ne i than extended and picks up
the charging boses »me o' & t'me. The hun is thrust through the opened
fetnnie door and ite : ontonts demped nte *he tirnace. The machine
thea replaces the charging boe on the bugg ¢ and pichs up and charges
othor bones entil the Murnace 10 fu'l  The mumber of scrap boxes which
are wut inde & Lafnace "may vary coms.devably ard 10 dependent on the

sine of the farmpce 28 weii 88 the chargang prac tice of the particular plant.



Furnace Section

CHARGING MACHINE OPIN HEARTH NENACE

REGINERAIOP

Open Hearth Flani
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amount of scrap used compared with the amount of pig iron are the relative
costs of each material. When the price of scrap is low, increasing amounts
of it will be used and, for this reason, scrap must be recognized as an
important raw material in the steelmaking process. Fortunately, a steel
mill generates a certain amount of scrap from its own operations. Ingot,
bloom, slab and billet croppings, and s.de trimmings of plates and strip,

as well as broken 1ingot molds are all important sources of scrap which

can be re-melted in the open hearth furnace.

The melting process usually begins with the reduction of the scrap
charge which is put into the furnace first. This part of the charge should
be melted as quickly as possible to prevent the waste of fuel and loss of
oxygan from the hearth area. The scrap must be heated to a temperature
equal to or greater than the temperature of the hot metal charge in order to
prevent a loss of heat trom within the hot metal. The use of roof oxygen
lances has been a major factor in bringing about a sizeable reduction in
the time required to bring the scrap charge to the proper temperature and
degree of oxidation. The time required to melt the scrap charge may vary
from one to two hours depending on furnace conditions and whether or not
oxygen is used.

Once the scrap is sufficiently melted, the mclten pig iron is charged
into the open hearth. At this time, a series of chemical reactions begins
that first reduce the silicon and manganese which eventually form part
of the open hearth slag. The oxidation of carbon begins as these former

materials are removed from the ''stzel,' and gradua'ly the phosphorous
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\e ouudized. The removal of phosphorous was one of the major factors

whi.n brought about the gradual replacement of Bessemer converters with
the open hearth, for the Bessemer process was unable to reduce high
phosphorous iron sufficiently. Gradually, the carbon content of the ''steel
is reduced, and as this occurs the temperature of the heat rises. The
final refining brings about a more < omplete reduction of carbon, sulphus
and phosphorous, and the heat is considered finished when the carbon
< ontent and other elements are in ac<¢ ord with desired specifications.
Through the use of modern specialized open hearth instruments, the
operator can readily tell when the required specifications have been
reached.

The time required to complete a heat of steel in an open hearth fur-
nace may differ substantially from one furnace to another depending
upon the general condition of the furnace, the percent of scrap in the
charge, the size of the heat, the d=sired composition and, most impor-
tant, whether or not oxygen is used as a supplementary fuel. A typical
furnace without oxygen would require about nine to ten hours to complete
the process, while a similar furnace with oxygen would require only
about six and a half to seven hours to finish the operation. Thus the
use of oxygen in the open hearth has been one of the most significant
factors in bringing about increased open hearth productivity within the

past decade.

When the steel in the open hearth reaches the desired temperature,




composition and grade. the tapping hole at the back side is opened. Since

this hole is at the bottom of the hearth, steel which is heavier than slag will
flow out before the slag waich will tend to remain at the top of the molten
mass. As the molten steel flows into the waiting ladle, alloying or other
materials may be added in accordance with the desired end product. When
the open hearth is emptied, the ladle holding ti.e steel is lifted into position
over the rows of ingot molds.

In producing steel. the open hearth furnace uses the principles of
reverberation and regeneration in order to develop and maintain the
necessary temperatures within the furnace. As the charge rests in the
hearth area, a flame is passed over it, and heats both the charge and the
furnace roof which is relatively close to the hearth. Part of the heat
required to reduce the charge is provided by radiation from the heated
roof. Thus the furnace roof must be constructed of sturdy refractory
brick in order to withstand the intensity of the heat. Further, when an
oxygen lance is used, the roof is also subjected to splashing of hot metal
which causes added and more rapid wear of the roof area. Because of
these circurnstances, basic brick is often used for the open hearth roof
refractory if excessive shutdowns for maintenance and rebuilding are
to be avoided

The process employs a regenerative principle when the hot gases

from fuel combustion are put through the regenerative chambers at



either end of the furnace. These regeneratice  hamters contain « he her
bricks which are arranged in such a way that the gases pass through them
so that a part of their heat will be absorbed by the . hecker brick. The
cold air needed for the continuation of the combustion process is admitted
into these regenerative chambers and will be heated to sufficient temper-
aturc by contact with the checkers and the hot gas. By reversing the
direction of the gas flow perindically (about every 15 minutes) the temper-
ture of the flame can be maintained or increased. The chec ker arrange-

ment and the flow of air and gases in the open hearth are shown in the

furnace cross section in Figure 4.

Open hearth steelmaking has been at the heart of the steel industry for
the past 50 years. The process is proven, it is dependable and it is
efficient. However, with the advent of the basic oxygen process, the
open hearth is beginning to lose favor among the world steel producers.

It appears likely that the open hearth will be gradually replaced by the

newer and more productive oxygen converters.




The Bogssemer Steeimabing Pro. ess

The first broad scale commer ial method of steel manafac tire was the
Bessemer process which getls its name from one of 1its inventors, Henry
Ressemer, an Englishman. The process, which was almost the exclusive
method of steel manufacture prior to the turn of the century, has ory
limited commercial use today. In general, the process consists 1n blow-
ing atmospheric air whiq h in some cases 13 shghtly enriched with pure
oxygen, through a charge of molten pig tron and small amounts ot scrap.
The process generates sufficient heat to reduce the foreign elements in
the charge, for when the air is blown through the molten pig iron which
is already at 2300 degrees F, the oxygen in the air combines with the
carbon, silicon and manganese in the charge and this generates tempera-
tures 300 to 500 degrees F in excess of the molten pig iron temperature.

A typical Bessemer plant is usually constructed close enough to a
blast furnace so that the molten pig iron may bhe ecasily transferred to a
hot metal mixer by a rail transfer car. The molten pig iron is stored in
the hot metal mixer prior to its being charged into the converter. The
iron is poured from the mixer into a ladle and then charged directly
into the converter. The converter is equipped with a wide mouth at the
top, and is constructed in such a way that it may e tilted to allow the
molten pig iron to be easily charged into the vessel. Once the molten
pig iron has been charged into the converter, it is return~d to an

upright position and the air blast is turned on and the operation begins.
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Figure $adepicts a typi al Bessemer plant and Fegure § allustrates the
Bessemer converter.

When the process s completed, some additions to the molten steel
may be made as the metal is being poured from the converter into a
ladle for transfer to the ingnt pouring area. At this pouring area, an
overhead crane lifts the ladle from the transfer car and the contents are
poured into the waiting ingot molds.

The Bessemer converter itself is a pear shaped steel vessel which
is lined with clay and refractory brick. The converter is constructed
so that there is an air chamber below the surface on which the molten
metal rests. The top of the air chamber has a number of tuyeres or
air holes through which the air is blown into the charge of pig iron.

The converter is supported by two trunions which allow the vessel to
tilt. One of these trunions is usually hollow and is connected to the
blowing engines in such a way that the air blast may be blown through
this hollow pipe into the wind box and ultimately into the charge of pig
iroﬁ.

Typical Bessemer converters range in size from 50 to 30 tons per
heat. On a 15 ton converter, air is blown in at a pressure of 15 pounds

1

per square inch and at a rate of 25,000 to 35,000 cubic feet per minute,

1. American Iron and Steel Institute, The Making of Steel, New York,
1964, p. 47.
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This combination of pressure and hecat causes rapid wear of the furnace
bottom and, consequently, the bottom must be replaced about every 20
heats.

The actual steelmaking operation begins after the pig iron has been
charged and the air blast has been turrned on. At this point the reduction
of silicon and manganese begins, a result of the manner 1n which these
clements combine with the oxygen in the air. As these elements burn
off, the temperature of the heat rises and the reduction of carbon begins.
As the various elements burn off, bright flames and sparks burst from
the open mouth of the vessel. From the color and intensity of the tlames,
the operator can tell what stage the process has recached and when the
flames subside the operator shuts off the air blast and the heat is completed.
The time period during which the air blast is on may vary from 10 to 15
minutes depending to a large extent on whether oxygen enriched air is
used.

When the air blast is shut off, additions may bhe made to the heat either
while the metal is in the vessel or while it is being poured into the transfer
ladle. Some form of manganese is often added to reduce any remaining
iron oxide, and other additions may be made in accordance with the desired
grade and composition of the steel. When the steel has been poured into

the transfer ladle, the slag is then removed from the vessel and the

process is repeated.




The Bessemer con.erter suflers {riov 2o eral makred Lidak anteged
Foremost among these is its 1nahility to remo e reiativeiy large am wunte
of phosphorous and sulphur from the pig iron  harge  Thas, when
Bessemer steelmaiing facilities are used, the are and c ohe s00d 1o wams-

facture pig iron must have a low phosphorous and sulphur . ontent. 2 « ae -

dition which is not always easy to meet. Another disactvantage f tre

process is the fact that it cannot be as readily «cnatrolied as can the cpen
hearth and other steelmaking processes. This factor becomes espe. ally
acute when specialty steels are made. The fact that the Bessemer  on
verter uses only about a 10 percent scrap charge may also he & disal antage
in many instances, for it will require additional blast furnace capa:ity.
However, in periods of scrap shortages and high scrap prices this may
become an advantage.

Perhaps the greatest disadvantage of the Bessemer converter stems
from the use of air as a fuel, Air contains about 80 percent nitrogen and
a certain amount of this is left in the steel causing it to becor.e hrittle
under cold working conditions. This was the pricnipal reason why the
Bessemer rail was replaced by the open hearth rail, for in the winter
Bessemer rails had a tendency to break and crachk when fast, hea-y
trains passed over them.

Perhaps the single most important advantage of the Bessemer process
when compared with other steelmaking facilities is its relatively low

investment cost. Further, the speed with which steel can be manula: tured
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Althe g™ tRe hatic ayger steelmaling processis a relatively new
type f steshmading. 1t has gained rapid acceptance by the world steel
imb stry a8 am e omomic al and nighly efficient manner of steel production.

reports that the world-wide productive

. apacity f cxygen con erters 13 presently just short of 70, 000, 000 net
toms with an additional 53,000, 000 tons of capacity planned in the near
futare Pasic onygen steelmaking plants are now in operation in 26
 oantries, tnc ludang virtually every steel producing country of any con-
sequence in the world.

Although there are a number of somewnhat different basic oxygan
processes, the most generally used is the L-D type which is essentially
s modific ation of the Besserre r converter. The L-D (taken from Linz-
Donewits, the locations in Austria where the process was developed) and
Pessamar processes both produce steel by pneumatic conversion and
@82 vessels similar in shape and design, but while the Bessemer process
prodeces steel by blowing atmospheric air through the bottom of the vessel,
the L-D converter introduces high purity oxygen into the bath by means
of 5~ exygen lance which is inserted in an opening atop the vessel. The
lance is water cooled and its size 19 detcrmined by the size of the converter

and the desired heat time. The oxygen is blown downward on the surface

). lron and Steel Engineer, November 1964,
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of the molten pig iron contained in the vessel, producing a violent re-

action between the oxygen and the bath at the spot where the oxygen stream
impinges on the bath surface. An area of central reaction is created

and unwanted elements oxidize and are carried off in the form of gas or
slag. Because the metallurgical reaction originates at this one spot,

the L-D process differs fundamentally from all other steelmaking processes
in which the metallurgical reactions take place in the bath proper or are
spread over large areas. In the L-D process, the metallurgical reactions
are circulated to and from the point of central reaction by the kinetic

anergy of the oxygen stream and by the reaction gases which are produced. :

A typical basic oxygen vessel is illustrated in Figure 6.

Types of Basic Oxygen Processes

In the discussion that follows of basic oxygen process and the equip-
ment used, major emphasis will be placed on the L-D type basic oxygen
method of steelmaking since, as has been noted, this is the most widely
used basic oxygen process in the United States. The use of high purity
oxygen, however, has given rise to the development of several new
steelmaking processes which are in part variations of the L-D method.
These are used to some extent on an industrial scale in a number of the
steel producing nations. They include:

1. Top-blown oxygen-converter processes, including the L.-D

process and its modifications, which employ technically

1. SUESS, '"Production of Steel by the Oxygen-Impingement Processes, "
Iron and Steel Engineer, 1950, pp. 149-1 50.

R
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pure oxygen in a vessel which is held stationary during
the blow. The L-D process was initially used for low
phosphorous iron (up to 0. ) percent or 0. 4 percent
phosphorous content) and for common-grade carbon
steels, but modifications of the process have made it
swuitable for the ronversion of high-phoesphorous as well as
Jow -phospherous iron and have increased its application
te include a greater ramber of product grades incloding
sliey stoe’.

Twe modifications of the L.-D preceses have mude
peesidde Bhe ¢ aaversion. of Nigh phoophoreuws i7ee, aamely,
e L-D - A-C ond L-D - Pomgey prencesce. The loter,
otdch wot the firet 1o be deveboped. introdecod lompy lene
te e Moth Sutiag Mowiag In the L-D - A-C e bat™ bo
Mre ast with pore =epgen bt SR o8 SUpgen SHFOGM N
ining pendsred lbme Whese powpdsred lime 10 sliliosd
B ot i sndy slightdy mave shne ontoiled o4ih the L.-D -
Pusngey peos 00e Shi:h roguires lncilitios e : rushing,

o rocning sad entpreting he Baw o dung eewm.  Mew -
o s, the soe & powdssed hane madet it pestihie te com-
toel the phyoi: ol and : homi: a) : congueition of the ool

Mmeee ¢hosely Theee tos mulificotions of he | -D Wede

SUpgen precess hove hoon dredesod o samme e groe i

Medginmm, Froace, Lasombmge g sad Uestose Gormany.
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The L-D - A.C which usually requires a double flush

of slag has been the most widely applied of the two modi-
fications. In the United States the straight L-D process

has offered the most economical means of basic oxygen
steelmaking given the grades of iron ore used by the
industry.

The Kaldo process which uses technically pure oxygen

and tahes place in a rotating vessel inclined at |5 degrees
te 17 dsgrees to a herisontal line. An opening at one end of
the vesoel is used for charging raw rmaterials, blowing,
slagging off and tapping the molten steel. Th+ process is
suited sithe v 1o high-phoophorus or low phosphorows iron
with on addition ¢ 0c rap o7 ivom ere. In cont a9 to the
oic Poscomer and LD converters, the anygen in the Nalde
Pprecoee eporaies ssoontially thiough the modium of the slag
which ontichoe the metal with onygon apon contact. The
chomical « ondithons ?ogeired loe dophos orisation are
bxolly ¢« oonbined, snd the ne-essary indera: ion hetweon
e Mt motel and e slag i2 maintained by me: hani-al agh-
ation prade: od hoomgh buran: o roligtion.

132 apoed of retntion -on be raried, seomally ap to 0 rpm,
» eodne W candsnd 1o : surve of The rofining peration. A
tigh tote of sedntien suseps He tlag sbmg the fersn:e walle

Betoby sapeting seene part o the motal sarta: e to he dre«t
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action of the oxygen stream. This increases decarburiza-

tion of the bath relative to dephosphorization. On the other
hand, a slow rotational speed does not uncover the bath so
that the slag takes on oxygen and, consequently, oxidizes
more iron anc eliminates phosphorous. In short, a high
votational speed is best suited to decarburization, whereas

a slow rotational speed is conducive to dephosphorization.
The course of the refining operation cau also be regulated by
changing either the oxygen input or the position of the oxygen
lance. At a given lance position an increased oxygen input
increases decarburisation relative to dephosphorisation,
whereas a reduced oxygen input is conducive to dephosphori-
sation. Similar results are possible by changing the lance
peeition while holding oxygen input constant. A closer lance
favers decarburisation, whereas a farther lance favors
dophoephorisation .

The Reter process wherein a vessel which 15 open at both
onds is rotated sither on a horisontal plane or inclined

st 1 dogrees. The epeed of rotation which is much lower thaa
thet of the Kalds precess was originally cetadlished at 0. 3 rpm
sad. cuheoguentily, increased to % rpm. The process woes tweo
otreame of ouygen ia comparision to ene stream ia the L.-D

ond Kalde furnscos. One lance intreduces high purity emygan
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beneath the bath surface to oxidize impurities in the charge
and a second lance directs lower purity oxygen upon the bath
surface to assist in its oxidation and to burn the carbon monox-
ide contained in escaping gases. Like the Kaldo process,
either high-phosphorous ot low-phosphorous iron can be v.sed

together with scrap and iron ore to produce steel.

Basic Oxygen Plant and Equipment

As in the case with other steelmaking processes, the principal determi-
nant of plant design and layout for the basic oxygen shop is the need to
move raw materials to the melting furnace and molten steel away from the
furnace in the most efficient manner possible within the space available
for plant construction. In the basic oxygen shop this is accomplished
by means of three major operating areas which are generally designated
the charging aisle, the furnace aisle and the teeming aisle. Figure 7
depicts the layout of a basic oxygen shop, showing these three major
operating sections.

Charging Aisle

Situated usually at opposite ends of the charging aisle at ground level
are the scrap yard and the hot metal transfer station. Flux storage bins,
weigh hoppers and material conveyore are generally located above the
charging crane rumway. Located on the charging floor which is above
ground level are the control pulpits, shop offices and the scrap charging

car, scrap scalee and trachks.
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SECTION 1

IRON AND STEELMAKING FACILITIES
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in accordance with the thermal requirements of the heat are charged into
the furnace. The charging car moves 8o that the box to be charged is
aligned with the furnace mouth. Once the scrap is charged, the furnace
is tilted away from the charging car to distribute the scrap over the
furnace bottom and when this is accomplished, it is returned to the
charging position so that the hot metal charge can next be added. The
charging cars are used on the larger converters. In smaller shops, i.e.,
which have converters with about 100 ton capacity, the scrap is charged
into the furnace from a charging box that is carried and tilted by an over-
head crane.

The hot metal transfer station is located at ground level often at the
opposite end of the charging aisle from the scrap area. The hot metal
enters the plant in self-dumping, submarine-type ladles, which are
emptied into hot metal transfer ladles. Two hot met:l or reladling pits
are providcd for this purpose. While being filled, the transfer ladles
rest on track scales located in each pit and the hot-metal we.ght is recorded.
The charging crane lifts the ladle and moves it into position in front of
the furnace. ln some plants hot meta! mixers are used to hold the metal uatil
it is poured into the ladles to be charged into the converter.

Fluxing materials which enter the plart in bottom-dump hopper cars
or trucke are conveyed to bins lccated above the furnace. A belt conveyer system

is often used to move the fluxes to the bin floor. Bins for storing lime, ore

and fluorspar are located near the top of the furnaces, and a tripper

discharges the materials into their proper bins. Materials are weighed




and fed automatically froo these Lins into hat. h Poppers =hi b s tare
feed them into surye hoppers. [he material is the reweighed for o
control check. Fluxes are released from the surge hoppers and
charged by gravity into the «essels.

Furnace Aisle

Equipment in the furnace aisle consists of the basic onygen furnaces,
the oxygen lance hoists, control pulpits, gas «leaning fa. ilities and »
system of transfer trachs beneath the furnaces at ground level to
accomodate the steel ladles and slag pots. The furnaces are single-ploce,
open-top vessels of all-welded construction and retate freely en tronmions
to facilitate charging and tapping. The werhing linings of the furnace com-
sist of tar bonded dolomite brich, while the permanent linings, which
rarely need replacement, cunsist of burnt magnesite brich. The moot
common basic oxygen shops house two furnac 00 8o that one 1o prodes ing
while the other furnace is being relined or standiag by.

The oxygen lances are ( opper tipped and water -« coled, and i 40
common to have each furnace serviced by & dual lanc o hetot oo thal »
lance which becomes defective daring o heat cycbe c an be withdrawn
and replaced immediately with the stand-by lance. Additionsl loacoe
are stored adjacent to the lanc e hoists with the receit that laace ropla:e-
mont merely entails deta hing the cnygen snd water hetes sad ¢ cans< Ging
the new lance. Whon lowered iate the saygon veessl, the lua:e ontore he

farnace hood through a fennel-ohaped opsning. snd omce b 100: Moo the

propes vertical hoight ia relation to the bath, i 0 socorod by lance
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The teeming aisle of the basic oxygen plant houses all of the normal
pouring and ladle repair operations found in the open hearth shop. Once
the steel 15 tapped into ladles in the adjacent furnace aisle, the ladles
are moved by transfer car into the teeming aisle. Here a teeming plat-
form usually large enough to accommodate two drays of ingot molds is
locsted together with 8 system of teeming cranes. Here the steel is
poured into ingot molds. A locomotive moves the mold cars away from
the teeming platform and a spur track is provided to handle pots which
received ladle slag.

At the opposite end of the aisle from the teeming platform, the

stepper-rod oven and ladle repair station are located.

Ml,r &lqrhl- Used in Basic Oxygen Steelmaking

As in the open hearth furnace, the principal materials in the furnace

charge for a basic oxygen furnace are molten pig iron and steel scrap.

Hewever, the proportion of steel scrap remelted in the open hearth

fernace can range from 2u to 80 percent in the basic oxygen furnace.

Ia this respect, the open hearth is more flexible than the oxygan converter.
To place this relationship into proper perspective, it should be noted

thet the average range for scrap utilisation in the open hearth in actual

practice is from 40 to 45 percent. An offsetting advantage in favor of the

exygen comverter is that it does not require the addition of iron ore to

the charge as an oxidising agent. The basic oxygen process is also more
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efficient from the point of view of energy consumption since unlike the open
hearth and electric furnace processes, the internal chemical enery which
is produced during the conversion of liquid iron and scrap into steel 1o
sufficient to provide for the total heat energy requirement. The following
table lists the pounds of raw materials required to produce one net tom of

ingots using the basic oxygen process.
TABLE

Pounds of Material Required Per Net Ton of Ingots
in Basic Oxygen Steelmaking

Furnace Charge Pounds Por Gontof Charge
Hot detal 1585.2 72.%
Steel Scrap 583.4 26. 68
Scale 2.0 ,a
Total Furnace Charge 2109.6 100.
Alloys
Ferro-manganese 11.4
All Other Alloys .7
Fluxes
Lime 143.0
Spar 5.8
Tuel Consumption
Oxygea 1,502 Cudic Voot por ton

Source: Operatiang statistice for the basic euygen plant
at the Aliguippe Werhs of Jenee & Laughlia Steel
Corporation which has & design capacity of 4), 000
net tons of ingot per menth. Swatistics relate to
one month's experience. Frem D.R. Leughrey,

L G e WS
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The actual steelmahing proc ess begins when the scrap charge has been
dumped into the furnace The scrap coment of the (harge ussally averages
from 16 percent to )2 percent of the grose metallic ‘harge Once the scrap
hae been charged into the furnace the hot metal 19 powr ed in immediately
thereafter. During this phase of the operation, the typical basic onygen
furnace is tilted on 1t side in much the same manner in which Bessemer
comverters are tilted in order to facilitate charging operations. Omnce the
charge has beon completed, the furna ¢ is again tilted upward to a vertical
poecition and the onygen lance is lowered into the furnace and turned on.
When the esygen lance has been lowered 1o the desived position relative to
the bath, it ie clamped inte position. At this point, additions of flux and
other materials may be made according to specifications, after which the
precess continues uatil the charge reaches the desired grade and composi-
an. The melten steel is then tapped from the furnace and the furnace io
prepared for the nent charge.

N io gonerally agreed that the batic ony on precees will graduslly
roplace the epen Moarth 28 the ma or methed of oteel manuiacture through-
ot the werid. The precess .0 mere ¢comomical ia terme of cutput por
anid of ther o, imvestmmont < oot and : aa be casily adepted to the officiont

moauineture of meot grodes of otesl.




Ihe Electric Are Fareyce

The electric arc steelmabing farnace woes the heat generated by
electric current to melt and refine steel. The process is especially
suited to the production of alloy and other specialty grades of steel,
since it can be more rigidly comntrolied than the open hearth or other
steelmahking furnaces. Ite application, however, is not limited to the
epecialty steels since in recent years larger electric furnaces (up te
200 tom capacity per heat) have heen introduced for the production of
a wide range of steels, including the basic grades of carbon steel.

In the electric furnace steelmaking process, electricity io used
selely to generate the necessary heat. The electric arc furnace ie
capable of generating temperatures up to 3300 degrees ¥ in a relatively
short time period, a condition that allows added furnace control. The
hest is transmitted through the metallic charge in two ways: first, by
the proximity of the arc to the charge and, secondly, by the electrical
resistance of the metallic charge. Because oxygen is not needed to
bring about combustion in the electric furnace, the amount of onygen
entering the furnace can be readily controlled and the expensive alloying
materiale can be added to the charge without the danger of loss through
onidation.

There have boon & siscable number of steclmaking furnaces ‘cwh’o‘

which wtilise the heat gonerated by clectric current, but enly two have

3 )
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PNl s cwmem g fi bl B EPRAM ® B PFE- Rio BE Rewnkd Bod $R00: maands-tare
Thete "o dyped arfe *hap vt 27 @id:tric Fatiud ¢ ad SR R gh
frogueniy : 5705088 Al tiom bsrnb: e Ihase furna:08 270 eosemtiaily
@fferent bo:aase the heating "mathede &iffer osbetantiaily The @reocr
ate Parmdco 30 the name implies woed ar: hoating whibe the high
frogueniy coreless induction furnace w800 the princ iphe of 1ads: tion to
gonerate the required amounts of heat. The twe types of furnaces are
ohown in Figuree 0 and ¢

In the direct are furnace, electric arce are made betwoon 3 seriee
of graphite or carbom electrodes and the steel bath itoell.  This 10 in
contrast to indirect arc hoating wheroia the arce are made betwoon the
electredes supporied above the bath, oo that the metal is heated solely
by the radiation frem the arc. Direct arc hoating voes net cnly the hoet
gonerated from the arce, but aleo the heat generated by the electrical
resistance of the metal to the current which ie made te flow through the
bath.

The high frequency coreless induction furnace consists of o refractery

Maed vessel surrounded by a copper cuil which is hollow and water -cosled,

and which carries electrical current altermating st appronimately 1000
cycles por second, amounting to some 400 amps at 200 te 3000 velte.
Thie creates induced current which passes throvgh the charge and

melte it by resistance hoating. Commercial use of the high (requency




This work on the iron and steel industry consisi - of three parts:
First, a description of the basic iron and steelmaking facilities and
the basic primary rolling mill facilitiez; second, a statistical section
on world production of iron and steel ingiedients, as well as the iron
and steel export-import statistics for most of the countries of the
world; the third section is an analysis of the present status of the
world steel industry, the goals set by a number of countries and the

possibility of their achievement.




!1‘&?* *

=~ 1B Lh L5

ot s ¢ G &

o, . § W BB ¥
Mas ¥, -+ WBEE
Pastl &% 36, SEpTY

(7 T ["i

GRS B «

t
Wen seenl v







1 - &7

furnace is somewhat limited, since its economical operation is generally
restricted to the highest quality alloy steels.

The Electric Arc Furnace Plant

The electric arc furnace plant consists of three major sections or
areas which house the charging facilities, the rnelting furnace and the
facilities for pouring the hot metal. In this respect it 1s similar tc the
open hearth and the basic oxygen plants and shares the common reguire-
ment that the three major operating sections be planned and laid out
in A manner which eliminates the possibility of delays [t is essential that
the flow of materials must be smooth and orderly in order to insure

efficient operation. Figure 10represents a typical electric arc furnace

plant with its three operating areas.

gg:.m. Aisle

The charging section of the electric furnace plant should be
especially geared to efficient scrap handling since the major part of the
material used in the electric furmace is scrap. The capacity of the scrap
handling facilities must be related to the charging buchet capacity and te
the sise of the melting furnace. Rail trachs for charging cars and
incoming supplies such as limestone, ore and brich are an important
factor in the layout of the charging section. Ia plants designed to uee
hot metal, a 7% to 100 ton, four girder, two t-ulley crane is required to
handle the hot metal ladles. This crane can aleo be uwsed as a wtility

crane for yeneral charging floor operations. Ia plants where het metal
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is not used, the charging bay must include one or two <5 ton cranes with
10 tem auniliary hoists. The use of top charge furnares requries that
cranes be of sufficient capacity to handle loaded charge buckets of the
sise required by particular furnace operations.

The charging section must aleo contain equipment for drying
additions to the furnace charge in order to prevent expiosions in the
furnace and reduce the possibility of hydroyen being absorbed by the
steel due 10 encessive moisture in the charge. A number of drying
precedures can be employ+d, some plants use a gas pip2 which is brought
inte direct contact with the materials, while others use gas jets and,
still othere use some form of preheating furnaces. The moet widely used
methed io a small rotary kila which insures vaiform drying and does not
roquire a great amount of space.

Ixtaace Aisle

Many electric arc furnaces are decigned to tilt in two directions,
one for tapping the stee!l and the other for the removal of slag. The
furnsce rests on toothed rockers and is tilted by a motor driven rech
and pinion mechaniam, a scrow type mechanism or a motor drivea
mechanisom,

The capecity of the furnace is detormined by the inside diameter of
the furnace shell. The modern furnace io top-charged with an automatic
roed remeviag device to allow sasy charging. The shell is usually

cylindrical in shape and hae cither a curved or flat bottermn which can be




lined @ *h seeral bayrrs i clay  Tmagmes.te oF 3. 4 e B at tegered
The wsual 1 of mas rg me Fam.smm 3 o*her the gasiry [ rype v tRe
swing type The gar'ry LifY type Nae the electvomde mad: and sond racbong
equipment bu " inte A gantry crare Whaich teaceis om tra: B sleng *he
charging flror  When the furnaces 3 1o be charged the siecteaded arve
raised 1o clear the shei! and the rocl .o remmaced by the gantry crane The
sWing type unit 268 motor drivsm ot hydrawl ¢ squpment to ! P the fatne s
rool and supporting etructure far the electrade mmasts and owing *hem to
one side thereby wrconaring the furmace shell

The type of electr de voed dopends wpon the sire of the farnsce ond
the types of steel which are to be produced. Graphite ole treodoe are
roquired for large electric furnaces, particelarly lor those which mann -
foctare high-grade alley steels wheress carhon sloctredes con bo vood
in omaller units. Ae an electrode .o consemed i speration, » throoded
grephite o7 carbom Aipple is 1nserted on the top oo that & new electrede
soction can be attac hed. Graph. te avd carhon electrodes vary widely in
physical shape, d.mens ond and pr: per- .o and, consoqguently. must be
carefully selected depeonding o6 ivagt.
Tseming Aisle

In the pouring eide of the f.rnace sdeg, previsien meet be made for
meld preparstion for at ieast two hea's of stee’, since o large portien of

eloctric furnace production is ally stee! which reqguires hot - topped

ingots. This 1o best done ia an sdjacent building since sehstantial space
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The o-teal eboctre: farmace stecimabing procoos bogine with charg-
ing 0 rap thrugh the birma. o ronl  la moet cases, the electric
betmace  marge 18 cernprited | wpwards of 80 per.ont s rap, and due
o Silfic alty wa saidising torme forre alleys and virgia alleys theoe
moteriale may be « harged inte the farmace prier to the bulk of the
charge. B the metaliic charge is low ia corbon content, propertionate
smounts of cohe may be added. Conversely, ere may be addod in ordor
%0 Jower the carhon c ontont of the charge. I io through the careful voe
of theoe pro:tices alomg with a careful soparation of scrap that the
spociality stecls may be mere casily produced withia the electric
ferance.

When the charge has boon completed, the electredes are lowered
ond mels their way through the scr7ap 1o the bettom of the furnace. By
the timne the sleciredoe have reached the bettom of the charge, & small
posl of moelton mer') hao formed and the ‘omainder of the charge io then
melted by a combination of the heat of the eslocivedes and thet from
the radiation caused by the pool at the bet.om of the charge. Ouce

the ontire charge is in ite meolion state, the precess may be
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momentarily stopped and a part ¢f the slag run off. or in some instances
and depending on the required specificat.ons, the process may coatinue
right through to the end.

As has Leen ndicated, electric furnace steelmahing can be geared to
either highly special.sed grades of steel o7 to common grades of steel. De-
pending upon wh._ch type of stee. 18 heing produced, s:ng'e or doudle
slag ren offs may be used. F r comm . grades of steel. a single slag
run off operation '3 sufficien® ir mich the same manner as 14 uesed in
open hearth steelmaking. However, when high-grade specialty steels
are being produced, a double slag per.od may be ueed to insure better
quality. In such 'netances, a par’ of the slag is removed when the
charge is brought to a melten s'ats and .o only partially refined. The
precess .o then continued until the me‘al reaches the dee red epocifications
at which time the furnace is topped and 'he remaining slag 7 meved.

Electric furnace atee'making = present'y morve widely ueed *han
st any othet *.me. Ihe process off-re severs' advaniages both frem the
point of view of coe’ and econom cil opera’ om, and w th respeoct to the
types of steels wh ch it canpr 4 c-. Firther, since it 10 capeble of
eporatiag on & 100 percent scrap charge. the elactric farmace i

eopecially well suited t. semi-iniegratsd « 2ol maills.






The Blast Furnace

The first operation in the transformation of the basic raw materials

into finished steel products is the manufacture of pig iron which usually

takes place in a blast furnace. In general, the blast furnace process

is carried out by blowing vast amounts of preheated air into and through

the furnace stack which is filled wi*h a calculated mixture of iron ore,

coke and limestone. The purpose of the operation is to reduce the iron

ore to molten pig iron. This is accomplished by:

1. Driving off all moisture from the charged
materials.

2. Reducing oxides in the iron

3. Calcining the flux.

4., Melting the slag and iron.

5. Reducing the oxides of manganese, silicon
and phosphorous.

1

6. Removing the sulphur from the molten iron

The blast furnace plant is equipped with large stock yards in which

quantities of raw materials are stored (See Figure 1). These stock

yards are usually located close to the furnace itself in order to permit

ready transfer of materials to the furnace. In general, the stock

yards should provide:

1. American Iron and Steel Institute, The Making of Steel, 2nd Edition,

1964, New York, p. 27.
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1. Sufficient size to allow the accumulation of large
stores of raw materials and thus guard against
seasonal and temporary shortages in raw material
supply.

2. Easy accessibility by whatever method of trans-
portation is used in the particular plant.

3. Comstruction in such a way as to allow the easy
transfer of materials to the furnace skip hoist.

4. Provision for sevaral different piles of ore in
the svent that shipments of ore might differ in
compeosition.

The materiale may be moved from the stoch yards to sterage bine
whence they are transferred inte larry care or brought by convevors,
o? » combination of hoth to the ship heist. A scale or transfer car o
000d to trancier the orve while in mest ca0ee the cohe is trancferred frem
e Miae te the ship heiot by meane of 8 camveyer bolt. Generally the
ohip Was are lecoted dirvectily above the bettom of the ship incline ia such
o weoy at sltorante lande of cabe, o0 and stone may be évepped inde
the ship care and altimately chorged inte the furnace

The ship hesot io, by far, he meet widely vood moetand of Moot
fntan:e chargag Thie apperetet consiets of 3 mechonically deiven

ohip cor Shich rune wp oa ncline from bedow e ohip bine o e




furnace top at which point it dumps the raw materials into the furnace
stack. The size and volumetric capacity of the skip cars will differ
according to the frequency of the charge and the size of the furnace,
However, since it is advantageous to keep the furnace stack as near
full as possible, the size of the skip and the frequency of the charge
should be geared to this objective. For this reason, most blast
furnaces are equipped with two skip cars.

The skips are charged into the furnace in such a way that successive
layers of coke, ore and flux are placed on top of each other as each
additional charge follows a predetermined order. This procedure
will allow for a more rapid and complete reduction of the burden into
high quality basic pig iron.

The raw material burden which is dumped into the furnace top
is received by a cylindrical shaped vessel at the furnace top called a
distributor. At the bottom of this distributor is the first of and the
smaller of the two bells which will ultimately allow the raw material
charge to be emptied into the furnace itself. Once the raw material
charge is resting on the small bell, the bell is lowered or opened to
sllow the material to slide on to the large bell which is located
directly below the smaller bell. The small bell is then closed to
preveat the loes of valuable gases and heat. Once the small bell
io closed, the large onc is opencd and (he raw materials drop on to

the furnace burden. Upon comnletion of this the big bell is closed.

2
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Figure 12
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in operation or under construction throughout the world as of June 1,
19/4. There are 7! plants currently operating and 49 under construction
making a total of 120 units. The preference for mold reciprocation is
indicated by the fact that of the 92 units on which information about the
type of mold is available, some 74 units use or plan to use reciprocating
molds. On th. other hand, only 4 make use of fixed or non-reciprocating
molds and no such machines are planned for the future. Of the 74 units
with reciprocating molds, 18 utilize dht new curved mold design; one of
these is currently in operation at the Von Moos Steelworks, Lucerne,
Switzerland, and a second, capable of casting slabs up to 60 inches x

10 inches, has recently been installed at Dilligan, West Germany, while
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another has been installed at Atlas Steels, Ltd., in Tracy, Quebec, Canada.

Advantages and Disadvantages of Continuous Casting

The principal advantages claimed for continuous casting as compared
with the conventional ingot method of production are as follows:
1. Continuous casting elminates the production phases
associated with conventional ingot casting and, con-
sequently, reduces overall production costs. Teeming
operations and costs, including ingot mold and hot top
costs are eliminated, as are the costs of stripping
facilities. The need for soaking pits is eliminated and
primary rolling costs are eliminated or significantly

reduced. In general, overall operating costs are said




s

e e

to be reduced by 7 percent as compared with the
conventional ingot method of casting. Seaway Steel in

the United States saw the possibility of a $20 per ton sav-
ings, and Concast, Inc., one of the leading manufacturers
of continucus casting units, places the figure at $8 to $10
per ton.

Yields are significantly improved by the use of continuous
casting, averaging about 96 percent as compared with

85 percent for ingot casting. Yields on the Babcock and
Wilcox installation at Roanoke Electric Steel and at
Conners Steel have been reported as high as 98 percent.
The improvement in yields leads directly to reductions

in scrap recycling and fuel consumption.

Increased product unifarmity in some grades of steel

is a further advantage in view of the strict demands

of steel consumers for steels of exact composition. The
slight variations in composition from ingot to ingot which
exist even where strict control is observed are eliminated.
The capital investment required‘ to install a continuous
casting facility is relatively low when compared with a
conventional facility capable of the same output. Dillinger,
which is operating continuous casting machines in Western

Germany, estimates the investment savings to be $10

I- 64




million on a 2 million metric ton facility. A significant
part of the savings is attributable to the compactness of
the unit which permits concentration of operations in a
small area.

Many claim that due to the uniformity and quality of the
steel when it is continuously cast, the process often
reduces the need for surface conditioning to a substantial
degree. This is said to be especially true for certain
grades of killed and semi-killed steel.
Since the process can be automated easily there is a sub-
stantial potential in labor savings.

Where provision is made for direct transfer of the cast
product from the casting machine to a rolling mill or
forge, reheating prior to hotworking can be reduced.

The process is well suited to the installation of new

steelmaking capacity, both on an integrated and semi-

integrated basis. Tke low investment requirement and

present state of technology make it especially well suited

for the installation of additional capacity in the semi-integrated
sector of the industry. This added capacity can be expected

to come from three sources: First, mills which were
formerly limited to finishing operations are now in position

to produce steel on an economical basis through the use




of an electric furnace and continuous casting facilities.
An instance of this situation is found in the case of Seaway
Steel which is now operating a Kappers continuous casting
unit. Second, the process and its relative cost can be
expected to reduce significantly the difficulty of entry

into the industry for the semi-integrated producer. Third,
many semi-integrated producers will now be able to
expand present capacity economically through continuous
casting. The principal reasons why such activity can be
expected include the relatively low investment cost of the
facility and the fact that continuous casting is especially
well suited to the types and sizes of steel which many of
the smaller semi-integrated firms produce. Further,
semi-integrated plants are usually supplied with steel by
electric furnaces which are especially well suited to
continuous casting operations.

The continuous casting process can produce longer slabs
than the conventional process wherein slab size is limited
by ingot size and to a great extent by slabbing mill
capabilities. This is of particular advantage in producing
sheets for the automotive market where orders have been
received for large weld free coils. Coils of 1,000 lbs,
per inch of width can be rolled from the longer continuously

cast slabs.
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The principal disadvantages of continuous casting as compared with
the conventional ingot process of casting are as follows:

1. The process must remain continuous throughout the
cast and cannot be temporarily interrupted should trouble
such as nozzle freeze-up or cutting failure develop. The
hot metal remaining in the ladle mus t either be recharged
into a melting furnace, scrapped, or poured into ingot
molds.

2. Rimmed steel of good quality has not been consistently
cast in commercially suitable quantities. This is true
of the experience in most of the installations in the
world, for although some producers have claimed
success in continuously casting rimmed steel slabs,
test slabs ordered from abroad by producers in this
country were found to be of inferior grade and when
rolled into sheet and strip showed poor surface quality.
This is a serious drawback to the acceptance of contin-
uous casting since rimmed steels comprise a high
percentage of the sheet, strip and tinplate tonnages
.currcntly produced. Rimmed stesl with its low carbon
content (1ess than 0.15 per cent c) offers the advantages
of sound surface conditions, cleanliness, ductility and
corrocion resistance in galvanized, tinned and enameled

pProducts and, in general, is used extensively where the

A ——————r e e s s s
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suriace of the product is important. However, it is

not suited to continuous casting since the process has

not been modified as yet to handle the brisk evolution

of gas which occurs when the hot metal begins to solidify
with the mold. It does not seem likely that boiling and
degassing in the continuous casting ma chine mold will
ever be eliminated, so thatif rimmed steel is to be con-
tinuously cast scome means must be developed to control
the rimming action and prevent gases from being trapped
as the casting solidifies. As yet, this has not been done,
and efforts now are being directed toward development of a
steel which will serve the functions of rimmed steel and
still be suited to continuous casting. Vacuum degassiag,
& process by which some of the gases are removed from
the steel while it is still in the ladle is another possible
means offered for the solution of this pfoblem.

One of the problems which continues to plague further
advances in continuous casting relates to the temperature
and speeds of the cast which is necessary to insure high
quality steel sections. Temperature control, a vital
concern in any continuous casting process, is not really
an acute problem until the metal reaches the secondary
cooling chamber. Here the rate of solidification which is

a function of the time and the cross section of the metal




can be a problem of significance. This is especially
true with respect to the casting of large sections os
steel. When casting a larger section, there isa a core

of molten metal with a shell of solidified metal which
must be fully solidified before the section reaches the
pinch rolls. Consequently, either the length of the
cooling chamber must be extended or the speed of the
cast must be slowed down. Either of these colutions

are possible, but both can result in loss of economies

as well as possible surface damage to the metal,
Continuous casting is slower than conventional slabbing
mill operations. For instance, a continuous casting unit
casting a slab 7 inches thick and 60 inches wide at a rate
of 35 inches per minute would cast about 120 tons an
hour. This rate is far too slow to keep pace with the
large basic oxygen furnaces now being installed. The
use of multistrand machines reduces the difficulty some-
what, but the problem of casting large single strand sec-

tions is one which is yet to b~ solved satisfactorily.
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TABLE 1
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Summary of Continuous Casting Lines in Operation and Under Construction

as of June 1, 1964

Country

Argentina
Australia
Austria
Belgium
Brazil

Canada

Red China
Czechoslovakia
Finland
France

East Germany
West Germany
Greece
Hungary

India

Italy

Japan

Mexico
Norway

Peru

Poland

Spain

Sweden
Switzerland
Tunisia
Turkey

United Kingdom
United States
Republic of South Africa
USSR
Veneszuela

Total World

Number Operating Number Under Construction
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Development of Continuous Casting for Steel

Traditionally, the major technological advances in steelmaking have
involved the replacement of '"batch'' type processes with '"continuous"
processes, as for example in the development of continuoué rolling and
reduction, continuous normalizing and heat treatment, and continuous
annealing. Currently, attention is being forucsed on the a.vpplication of
" the continuous casting process to steel and its potential for increased
efficiency as compared with conventional steel ingot production methods.

The continuous c#sting process was largely European in origian,
although development work on the process in the United States dates back
to 1940. Almost all of the pilot plants which were installed, principally
after World War I, were located in countries other than the United
States. Since 1960, development work and pilot plant experience has
been conolidated and empbzsis has been placed on the installation of
production plants throughout the world. .

The principal pilot plants for the continuous casting of steel had
many features and methods in commoén basicially because they all sought
the solution of the same problems. The requirements and procedures
that were established for hot metal handling, control of pouring rates,
heat transfer, etc. were largely similar and fundamental differences
were for the most part related to plant scale, the size and shape of the

section cast and objectives with regard to casting speeds.
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The Direct Reduction Processes

The term direct reduction as it is normally used in the steel industry
opplies to the making of iron in some other manner than the use of a blast
furnace. A number of processes have been used and the product is some type
of iron. Very often it is called "sponge iron" vhich, like pig iron, will de
subsequently reduced into steel.

The present state of the art is such that none of these processes is able
to compete with the proven and highly efficient modern blast furnace. However,
there are conditions and situations peculiar to some areas and countries which
can make direct reduction processes an economical alternate method of iron
samufacture. For instance, in areas where large deposits of high grade irom
ore snd natural gas are svailable and where coking coal is in short supply,
direct reduction could prove to be an adequate substitute for the treditiomal
ironmaking processes.

Direct reduction processes mmum.mmcnucuﬂum
four principel tnuzl)

1. Those that utilise the kiln for ore reductiom,

2. '!hou that use retorts in a batch process.

3, Those that use fluidised-bed techniques.

k., Rlectric pig-iron furnaces.

In each of these general classifications there are a mmber of processes,
aovever for purposes of {llmstration caly oms Frocess of esch type VALl be.
descrided.

1) D.l. McBride and P.N, Chase - Present and Future of Direct Reduction
Processes in Latin America. Psper presented at General Assesbly of
ToLeAeToAe, July 1963,




The Stelco-Lurgi or S.L. process is one of the more recently developed

direct reduction processes vhich uses the kiln. The S.L. process makes high
speciality sponge iron in a rotafy kiin. The kiln is equipped with 10 ratural
gas burnars along its length through which natural gu is introduced to the
charge wvhich is composed of high quality iron ore or pelletized concentrates
some carbonaceous reducing agent, and limestone or dolomite. At one end of the
kiln s bucket elevator and rotary feed valve serve as the charging machanism.
The raw materials ard the air blast are put into this end of the furnace in
such a vay as to maintain an aven flow of each into the kiln.

The rotation of the kiln and the pressure of material being charged into
the end of the kiln provide the necessary force tc move the charge slovly through
the kiln, Further, the rotation of the kiln provides a more complete and uniform
reduction of the charged matarial. When the material reaches the snd of the
kiln, it is discharged, passed through a cooling device and then is placed in

s magnetic concentrating system in order to recover the irom.

The principal sdvantages and limitations of this process m:l)

Mvantages
1. The equipment and technology are simple.

2. Metallic racovery is good, over 90%.
3., The reduced product is non-pyrophoric.

Limitations
1. The reduced product is friable, and fragments severely in storage and
trarsportation,

2., Low volatile anthracite coal or charccoal are used as the redweing ageat.

3, The process does not remove any gangue from low grade ore.

1) D.L. McBride and P.W, Chase
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The retort reduction pro-ess, the most widely known variation of which is
the HyL process, hus been commercially operated at the Hajalata y Lamina Steel
Company in Monterrey, Mexico. Commerical operations at Monterrey include a
small 200 tons per day plant and a larger 500 tons per day plant installed in
1957 and 1960 respectively. The investment cost of such an iron producing plant
which has been placed at $6 million for 500 tons a day plant. The figure is
significantly lower than the investment cost of the blast furnice. The lower
cost 1s especially attractive to developing countries and probably accounts for
the interest shown in the process by other developing countries, Further, pro-
duction rates on such a process can be economically geared to lower amounts of
iron, a fact which is alsc of importance to developing nations whose iron needs
are limited.

In general, this process involves the batch reduction of high grades of ore
or pellets in retorts using natural gas to provide the heat requirement. This
natural gas is purified and preheated from 1600 to 1800°F before it is passed
into the retorts and brought into contact with the ors. The reduc¢tion process
begins when one of the several retorts are charged with a fresh batch of ore.
Following charging, a three step operation is required to complete the reduction
process. The first of these 18 the secondary or initial reduction stage in which
the preheated gas passes through thre charge and the charge is subject to this
heating for about 2 hours. The gas us=d in the initial reduction stage ras pre-
viocusly been used in the final reduction of another batch. Thus, after the
batch has been subjected to the initial reduction, the direction of gas streams
are reversed and a stream of newly heated gas is projected through the charge.

This action begins the final reduction which continues for an additional 2 hours.

Upon completion of this, the charge is emptied and cooled. The empty retort ia
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and the contents of each other bed are allowed to pass into a successively lower
bed. The gas which 1is preheated to 1000°F is then passed into the lowest bed
again at a pressure of 500 pounds per square inch. The gas, after passing
through all four beds, goss into a gas offtake and is recompressed for eventual
re-use.

Ironmeking plants of this nature have been operated in the United States
by Bethlehem Steel on a pilot plant basis and by Alan Wood Steel Co. on & small
scale cammercial basis.

The advantage of the H-Irom Process mtl)

1. It can process fine ores to a highly reduced product.

2. No solid carbon is required.

3, It can use natural gas, oil or gasified coal as the source of hest for
the process.

k. Relstively lov teapersture requirement aveids sems prodlems of sticking
end defluidisation.

5, Comstruction materials are not as limited dws to lower tempereatwre
requirement .

6. The reduced sponge iron can be compacted into a demse, strong driquette

vhich can withstend sterage and tremsperetation witheut sever fragmea-
tation.

™e limitations are:

1. The freshly redwced product is stremgly prrepherie.

2. Jes comversion is low.

5. High purity hydrogen is required.

k., An estensive system is required for purificetien amd recycling of off-gas

1) MeBride and Chase.
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from the reactors.
It requires an oxygen plant as part of the system for manufacturing
hydrogen.

Electric smelting or ironmaking processes are the most widely used of the

direct reduction processes. In some areas, vhere good quality ore is available,

the electric ironmaking furnace can prove a more economical method of iron

manufacture because of its significantly low investment cost,

In principle, the furnace operates in a mammer very similar to the electric

steslmaking furmace. The ore, coke and limestone are charged through the roof

and three or mors electrodes are lowered into the hearth area at the furnace

bottom a8 is done in the electric steel furnaces. Ore reduction takes place in

the hoarth ares on a continuous basis for iron and slag are periocdically tapped

frem the furnace in much the same manner that they are removed from a blast

furnace.

In the elactric furnace, the heat requirement is provided by the heat

energy generated by the electrodes,and thus the cost of electric power compared

with the cost of coke will be an important determining factor in comparisoms of

these furnaces vith blast furnaces.

In general, the advantages of the electric irom making furnace are:

1.
2.

3.
k.

It can be operated intermittently withat difficulty.
Extremely high hearth tamperatures cen be attained, a facter particw-
larly impertant in redacing ferro alleys. |

It can mmelt t{taniferous ore,

T™he practice can be adopted for selective smelting of mengemifesreus,
nickleferous, lateritic and other camplex irem ore.

™e limitations and dudvuitqu are!

1,

1o 7 TSRO T

Dus to the large requiement for electricity, its econcmic wse depends
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upon the availability of loir cost electric power.

2. Carbon 1s required as the reducing qint, either as anthracite or
low volatile coke.

3« It must use lump ores or nulmntu'.l)

A general evaluation of the direct reduction process is aifficult dbecsuse
it economical use when compared with blast furnaces is closely related to loecal
conditions rather than general circumstances. Investment cost for direct
reduction plants can gemerally be expected to be lower both in sbsolute smownts
and in dollars per ton of output than for the blast furnace. However, evea
this may not always be the case, especially vhen increasingly larger production
wnits are considered. Operating costs will vary decewse in most instances they
are closely related to the availability of local power or natural geas. Nowever,
in areas vhere the proper cambination of rew materials is avalleble st competi-
tive cost, the direct reduction presess can de cpersted at a camparedle or lewer
cost then blast furnaces of similer sises in those areas. ' Thus, while it is
difficult to gemeralise, it cam de said mummmm
reduction precesses can offer cconcmic sdvantages over the blast furnese.

1) Medride d Chase




Rolling Mills

In the most traditional steel rolling operations, the large steel ingot
must first be rolled into a semi-finished shape, either a slab, bloom or billet.
This is done by use of a primary rolling mill which may be one of three possible
types according to the dimensions of the section desirsd. When a continuous
casting unit is used, the semi-finished shape may be directly cast in this machine,
thus eliminating the need for primary roliing mill operations. Once the steel
section has been rolled into & semi-finished shaped, it is subjected to a number
of additional rolling operations, the number and variety of which will depend
wpon the final product to be produced. Aside from these rolling operations,
there may be additional treatments such as annealing, pickling, and plating,
depending on the desired end product.

Primary rolling mills are generally divided into three groups: the bdblooming
aill, sladbbing mill and billet mill. Each type of mill gets its name from the
sise and dimensions of the products which it produces. These sections are usually
distinguished along the following lines:

1. Slab - & steel section 2 to 10 inches thick and at least 2 inches

in wvidth. These sections are always rectangular in opposition te
the square cross-section of the billet or bloom.

2. Bleem - a section of steel wvhich is usually square vith dimensions

reaging from 6" x 6" to 12" x 12",

3. BMllet - a square section of steel which is less than 6" x 6",

T™he steel ingot, vhich has been heated to a wniform tempersture in the
soaking pits, is transferred to the primary mill by means of an ingot buggie
or transfer car. The ingot is them placed wpon the mill's roll tables and the
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processes of shaping the ingot into one of the above mentioned shapes begins.
Primary rolling mills and operations do not differ significantly except in
reference to the shape of the product, and for this reason it will be sufficient
to discuss the operation of the blooming mill., Where significant differences
in operations are necessary, they will be pointed out, but in general this
discussion will be limited to blooming mills with the understanding that these
others are basically similar.

The most widely used blooming mill is the two high electrically driven
reversing mill. Such mills are referred to as "two high" because they consist
of two large grooved rolls wvhich are located directly above each other and
throwgh which the ingot passes back and forth. The number of passes depends
on the required specifications of the finished bloom. At proper intervals, the
ingot must be turned upon its side in order to effect equal rolling om each side
and thus eliminate the possibility of the ingot being rolled flat. This is done
by means of manipulators, which are also designed in such a way as to allow the
ingot to be moved from side to side on the roll table in order that it may enter
th: proper grooves. The manipulator functions by means of fingers which are
raised from below the roll table and come into contact with the edges of the
ingot. The "fingers” gontinm to operate until the ingot is sufficiently raised
00 that the pull of gravity will cause it to fall on its side. The side guards,
vhich are standard equipment on these mills, then move the ingot into proper
position with respect to the roll grooves, and the ingot is then passed through
the rolls. The operation is continued until a bloom or proper dimensioms m
beon shaped. The time required for such a rolling operation will differ according
" %o the sise of the ingot, the power of the rolls, and the desired sise of the
semi-finished shepe. However, in general, to roll down an ingot 25" x 27" inte
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a bloom 9" square will require about 5 minutes or 16 passes through the rolls.

One important variation in blooming mill design is the three high mill,
which although fairly common, is not as widely used as the 2 high reversing mill,
These mills are constructed with 3 large rolls which are directly above each
wther, however, in such mills the ingot is first passed through the 2 bottom
rolls and upon reaching the roll tables on the opposite side is raised by these
tables and passes back through the second and third rolls. The process continues
in this msnner until the ingot has been satisfactorily rolled to the proper
dimentions.

As one would expect,the power requirements for such mills are great. On
the never type nills, the electrically driven motors are capable of developing
wpwards of horsepover. In order to generate this amount of power, two separate
motors are often used, one on each roll. The motors used to drive the rolls are
housed in s separate motor room wvhich must be kept clean and carefully ventilated
in order to emsure efficient operation of these large dbut delicate machines.

Once the steel ingot has Deen rolled into the desired shape, in this in-
stance & bloom, the shape is carried from the rear mill table to the shear table
vhich is located about 100 ft. in dack of the blooming mill itself. The blooming
mill shear may de of several varieties, however, the most common is designed in
such & vay that the lower blade, which is made of very hard steel, is stationary,
vhile the wper dlade is activated. The bloom is still red hot when drought inmto
shearing position, and vhen the cut is mede, the cropped end drops off into a
Pit aad is eventwmlly drought dack to the open hearth shop to de used as scrap.

Many bdlooming mills are actually capedle of rolling both sleds and blooms,
and sone may even roll bdillets. However, in making dillets, the ingot is generally
rolled into & dloom and thea tramsferred to & bdillet mill for further reduction.
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All of the pilot facilities incorporated the following features and
modes of operation: 1.) a facility for transporting molten steel to
the casting floor located at the uppermost level on the machine; 2.)

a means of pouring the molten steel into the top of the vertical water-
cooled mold; 3.) a means for extracting a partially solidified section
from the bottoni of the mold in a continuous strand; at this stage of
the process an outer crust of solidifed steel, castin the shape of

the mold, surrounds a core of molten steel; 4. ) a water spray battery
down into which the partially solidifed sectioﬁ passés to be cooled

and completely solidifed; 5.) an assembly of pinch or wi thdrawal rolls
through which the solidified section passes once it has emerged from
the water spray battery; 6) a cutting chamber into which the pinch
rolls direct the cast section in a continuous strand to be cut to required
lengths; 7.) a means for discharging the finished cast sections from
the machine.

Although all of the pilot plants for the continuous casting of steel
followed the basic procedures just outlined, they differed in the design
and operation of the specific methods employed. Both lip-pour and
bottom-pour ladles were used in pouring and various means were
devised to control the pouring rate and to maintain required tempera-
tures. Bottom-pour ladles were found more suited to handling heavy
heats, but presented a problem with regard to temperature control.

Lip-pour ladles, covered with lids into which heaters were built,
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Moreover, because of the width requirements of many of the sheet and flat rolled
products, a separate slabbing mill will usually be required to roll slabs to
specifications, In some instances, where billets are the principal semi-finished
product of a given plant, billet size ingots may be poured from the steel furnace
but this is generally a costly operation and is now difficult to justify due

to the successful operation of multi-strand continuous casting units for billet
sizse sections..

Generally, vhen a bloom is to be rolled into a billet size section, another
full rolling operation is required, namely the billet mill., Such mills may be
either 2 high reversing mills as were the blooming and slabbing mill, or they
msy be continuous mills. Continuous billet mills may consist of uwp to 10 stands,
6 of wvhich are in & row in much the same manner as the finishing train of s
continwous hot strip mill. Each of the stands of a continuous mill must be
designed in such a way that the rolling speed of that stand is proportionally
faster than the speed of the preceding stand. This is necessary to compensate
for the gradusl elongation vhich occures with each stand. On ‘the newer and more
sdvanced mills, each of the individual rets of rolls is separately driven vhich
improves operating conditions as well as quality and dimension control. Once
the steel section has passed through the 6 stands of the mill, its dimensions
vill wsually be spproximately k& inches square. The billets are then cropped
to the proper length by means of flying shears vhich are designed to cut the
section as it is moving along the shear table. Such shears must be carefully
maintained in order to assure the uhtamc of a speed equal to the velocity
of the billet as it emerges from the rolls., After shearing, the billets may de
put through sn additionsl k& stand mill for further reduction, or prepared for
further rolling by means of surface conditioning and/or reheating.
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This semi-finished products of the three types of primary mills are actually
the first instance of a diversely shaped steel product. From these three princi-
pal shapes, the numerous other steel products are made., Each type of semi-finished
steel is especially suited to the production of certain product groups, and thus
for each there must be added secondary rolling facilities.

Slabs are used in the manufacture of thin plates, sheets, strip and tin
plate. Blooms are rolled into structural shapes, rails, and tube rounds and
thick sections of plate and sheet. Billets are rolled into pipe and tube rounds,
bars, rails, merchant bar and wire products.

Prior to any secondary rolling operstions, certain preliminary operations
must be performed on the steel sections. First, any surface defects in the
semi-finished slab must be removed. Such defects may be the result of a mmber
of causes, vhich include defects in ingots, or improper primary rolling. The
semi-finished sections are "scarfed", and then carefully inspected to ensure
surface quality. The steel is then reheated in a furnace to dring it to the
proper temperature for further rolling, This is usually sbout 2200°F.

There are a number of mills which can be used to roll slabs into flat rolled
products and would include the following:®)

1. The two high mill for rolling sheets in a pack.

2, The twoe high mill for rolling sheared plates.

3. The universal mill for rolling plates.

4, The three high mill for rolling plate.

5. The continuous or tandem hot strip mill for rolling shests, strip,

and hot rolled breadkowns for cold reduction in coils.

6. The cold reduction mills for sheets and strip.

7. The continuous sheared plate nﬂl,

1) The United States Steel Corp. - "The Making, Shaping, and Treating of Steel®,
Pittsburgh, Pa., 1951, '




One of these will be described a: an example.

Perhaps the most efficient method of rolling sheets and strip is the comn-
tinuous hot strip mill. Such mills are large in size, often half a mile long
and produce a fine quality of product. Some of the newer continuous hot strip
mills have an annual capacity in excess of 5,000,000 net tons, and can be fully
operated by a system of computers. In general such mills consist of 4 roughing
stands and 5 to 7 finishing stands, as well as additional facilities for scale
dreaking, cleaning and coiling.

The semi-finished steel slads are mechanically pushed from the continuous
MMMﬁmuMutmmmmofﬁoluomuofmu

tedles over vhich thay move to the mill proper. The first two cperations charsac-

w«a.mmmnnpunmuum.munmuum
a horisontal scale breaker. The function of these nills is to condition the
mtmotthounbdtelmathoncnoudothnrnrfuoiwltiu. As
mnam-m«uonm«mhmmtnumbnnm.uumam«
uuumomvnummmamomudommlm“rruo.
nwmmmmuunnumwmlum.mhmum
the slsd is more than sufficient to offset these losses and thus keeps the
tegersture st & suitsdle level for the high speed rolling operstioms.

The horisomntal scale breaker is usually s two high mill, dut in some
instences may de a b high installation. The rolls for this mill are driven by
one of a set of electric motors which provide the requisite amounts of power
for the mill. uunnunmm.udnmbymmmhm
aotor 1n order o emsure maximum pover availability st any tise. These motors
mmu.mmmhmmmmnu,u:umum

hot strip mill iteelf, The horsepover requiremsnts of these motors are not as
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large as are those of the blooming mill, howsver, they are often as great as

horsepower, for the broadside and roughing mills. The hct strip motor
room, like the blooming mill motor room, must be carefuily ventilated to allow
maximm efficiency of these motors.

Prior to passing through the first roughing mill, which is called a
broadside mill, the slab passes over & furntable or glar turner which sometimes
turns the slab a full 90 degrees and allows it %o paas broaiside through the
first stand of rolls. If this is dore another turntable on the other side of
the rolls straightens the slab again. Thiz process widens the siap. Gener;lly,
the brosdside mill is a I high mill, in which the two center rolls are consider-
ably smaller than the remaining two. These smaller rolls; cr "work rolls" are
the middie rolls, and it is these which actually come in contact with the steel
and reduce its thickness. Above and below the working rclls are the two additional
rolls which are considerably larger in diamster called back-up rolls, and whose
function it is to exert pressure on the working rolis in order to keep the smaller
rolls in uniform physical condition, and ¢ provides some sdditional rolling
strength. One additional set of rolls, the vertical edging rolls are often in-
cluded and these are placed in such a position that they syuare off the slab
edge before vit passes through the horizontel rcils.

After passing through the troadside mill, che elongated slab then moves
through s mechanical slab squeezer, This is dssignsd to sjuseze the slab to its
proper width specification, and also tc squars off the :rcss gection in order
to allow for a more uniform final product. fmee the slab has passed through
the slad squeezer, it moves to the succeeding rouvghing mills. Thess remaining
roughing mills are basically similar tc the broadside mill. They have four

rolls and reduce the slab in thickness and increass it in length. Thus, the
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rolling speed of each mill must be proportionally incrased with respect to the
length and thickness of the slab.

In place of the 3 or 4 roughing mills mentioned in the preceeding discussion,
gome hot strip mills are s reversing mill, similar in design to the primary re-
versing mill. This type of installation is cheaper with respect to investment ‘
cost, but will usually limit the capacity of the mill to a level of production
somewhat less than the hot mill with four roughing stands.

Prior to entering the finishing train of the continuous hot strip mill,
the elongated slad is cropped and is passed through a second scale breaker and
a set of high pressure water sprays. The function of these operations is to
remove scale and thus help to provide for a better surface.

The slab is then passed into the finishing train or finishing mill which
may consist of from 5 to 7 finishing stands each vith k rolls. These stands
are set very close together so tat the strip is in all of them at one tm‘.
Each of these stands roll the section of steel thim'mor and it becomes longer,
thus, each rolls at an accelerated speed vwhen compared with the preceeding
stand. When the steel sheet emerges from the last stand of the finishing train
it will be traveling at a speed of from 2200 to 2500 feet per minute. High
pressure water sprays are then used to cool the steel as it travels over the
roll out table. Two or thrn coilers repidly coil the steel into large coils
sasily suited to interplant transportation and additional rolling end finishing
operations,




Kl
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million tons of capacity as found in the Sparrows Point Plant of
Bethlehem Steel and the Gary Steel Works in the United States.

Semi-integrated mills can range in size and type of product from
a small electric furnace, which may produce 10,000 tons ‘of steel a
year and a bar mill to roll this steel into concrete reinforcing bars to
a 5 or 600,000 ton plant with a number of large electric furnaces and
a variety of finishing facilities such as the one planned for Pakistan.

The non-integrated mill category embraces a great variety of steel
rolling operations and would include any type of mill which imports
steel for further processing.

The details of an integrated and non-integrated mill are given
below and it will be noted that each represents a planned facility in
a developing economy.
Integrated Plant

The integrated steel mill described here represents the first stage
of the proposed Bokaro mill in India. Although this mill is still in the
planning stage, and the information contained is subject to change, the
description will provide an example of the manner in which steelmaking
and rolling ‘acilities are combined to form a fully integrated mill.

The mill, in ite firet stage, is designed to produce the following

product mix:
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a. Hot Rolled Sheet, Strip and Skelp 300, 000 metric tons
b. Cold Rolled Sheet, Strip and Skelp 250,000 metric tons
c¢. Galvanized Sheet 130, 000 metric tons
d. Plate 360, 000 metric tons

Total Finished Products 1, 040, GO0 metric tons

The ingnt production necessary to produce this 1,040, C00 tons of finished
products is estimated at 1,400,000 and thus the blast furnace and steelmaking
operations must be geared to this ievel. Considerabl.e e¢xcess rolling capacity
is allowed in order to process the additional steel to be produced in stages
2 and 3. Estimate costs per urit of production of ingots and finished
products are as follows: cost per ton of ingots, 6_2‘0 U.S. A, dollars, cost
per ton of finished products, 880 U.S.A dollars. In addition to the cost
of the steel plant itself, it is also estimated that additional costs for such
items as water canals, dams, extension of pocwer, rail and road systems,
the townsite and other associated items will total in excess of 133 million
U.S.A. dollars. The facilitiee which will be coms tructed to form this
mill consist of the follcwing:

Coke Facilities: The mill will have 2 batteries of coke ovens,

each containing 174 ovens, the aggregate capacity of which are
about 1.27 million tons per year. Other coke plant facilities
will includ ccke crushing and screening equipment, as well as

coke transportation facilities.




Steelmakin[ Furnaces: Steel is to be manufactured in four

75 ton electric arc furnaces which will be of the swing roof

top charge variety. Two 70 ton main hoist cranes with 15-

ton auxiliary hoists are also provided. Each furnace is equipped

with an 18, 750 K. V. A. power transformer and two 15,000

K.V.A. synchronous condensers are also included. The teeming
aisle is equipped with 75 ton teeming ladles, a 110 ton overhead

crane and the necessary .ngot pouring facilities.

Continuous Casting Equipment: The continuous casting unit to

be installed in this mill is a 4-strand curved mold machine. The
machine will be capable of producing blooms 6'' x 6' or larger

or billets 4 inches square. Because of the steel furnace heat
size, the casting of billets in somewhat restricted due to the
reduced metal requirement of smaller sections. Continuous
casting will not be used to cast slabs because of the technical
difficulties associated with the processes.

Ingot Preperation and Treatment: In the production of flat rolled

products, the conventional ingot casting methods must be used
and this requires ths use of soaking pits, stripper cranes and
a slabbing mill. Ths soaking pit facilities consist of two, three
hole batteries. Each hole is 8 feet by 24 feet and 13 {eet deep.

Temperature requirements are approximately 2200 dsgrees.
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Slabbing and Roughing Mill: Rolling facilities needed to

reduce ingots into more workable shops consist of a 36 inch
by 66 inch 2 high reversing slabbing roughing mill. The
horizontal rolls of this mill are driven by a 5000 horsepower
electric motor while the vertical edging mills are driven by a
2000 H. P. motor. The mill is equipped with a hot shear
capable of cutting sections up to 6 inches thick and 50 inches
wide. The steel ingot is first rolled to a thickness of about

6 inches and then it may be further rolled to a thickness of
about 5/8 inch to 1 1/2 inches.

_Hot Strip Mill: The hot strip mill is a single stand 4 high

reversing mill, 26 1/2 inches and 49 inches by 56 inches.
Each unit is driven by a 6000 horsepower electric motor.

Such a mill is capable of rolling the strip to a minimum thick-
ness of 0. 075 inches or plates with a thickness range of 1/4
inch to 1 inch, Maximum roll speed is about 1850 feet per
minute. This mill is also equipped with 2200 pound per square
inch descaling water sprays.

‘Rail and Structural Mills: The rolling equipment for these

products is a 26 inch mill with a capacity of about 30 ton per
hour. Such a mill produces rails up to 100 pounds per yard,
structural shapes 6 to 12 inches, equal leg angles from 6

inches by 6 inches and bilietl down to a minimum of 2 inches

by 2 inches., This mill consists of 3 stands which are side
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made it easier to obtain higher temperatures and to maintain a given
temperature level during casting, but the hot metal when lip-poured
was drawn off from beneath tie slag at the top of the ladle and so
contained a greater amount of slag inclusions. In the cooling section,
pilot machines differed in the design of water-spray jets and support-
ing equipment. In the cutting section a number of methods were used
including oxyacetylene torches which moved downward at the same
speed as the casting, hydraulic shears and sliding hears. Inthe case
of the discharge arrangement the various machines utilized such means
as roller conveyors, tilter baskets, inclined elevators and bending
devices.

The development of a suitable mold has been one of the most impor-
tant factors governing the rate of growth of continucus casting. The
pilot plants under discussion all employed vertically-supported, water-
cooled molds, but a number of different features of mold operations were
used and it is mainly through these differences that the various casting
processes are distinguished.

The earliest continuous casting pr;)ceuea employed rigidly mounted
or fixed molds together with uniform rates for pouring the hot metal and
the withdrawal of the finished section. Efficient mold lubrication was
essential to prevent surface fractgreu in the section cast and only low

casting speeds were attainable. The earliest development program in

the United States for the continuous casting of steel was based on the
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Blast Furnaces: In its first stage, the mill will consist of 2

blast furnaces, each with a capacity of 1,25 million tons per
year. The approximate hearth size of the furnaces will be

30' 6'". Auxiliary facilities include three 30' diameter and 135'
high hot blast stoves per furnace, 5 turbo blowers, ges washing
and cleaning facilities and other related blast furnace equipment,

_SteelmakiniFacilities: Basic oxygen sreelmaking furnaces

have been selected as the method of steel manufacture. The
mills first construction phase wiil call for twc 170 ton per heat
B.O. F's, and the necessary oxygen. The aggregate annual steel-
making capacity of thia steel shop is about 1.4 mililon tons.

Soaking Pits: Soaking pit facilities will include 6 rows of 24 pits,

each pit having a capacity of 150 to 200 tons of ingots,

Primary Rolling Mill: A universal slabbing mill with an annual

capacity of about 4 million tons will serve as the method of rolling
ingots into semi-finished slabs. The general features cf this
mill are as follows:

One 46" x 90" twc high horizontal rcll stand

One 38" x 84' vertical mill stand

One two-side scrafing machine

One 2700 ton hydraulic slab sheer.




Hot Strip Mill: The continuous hot strip mill will have a rated

annual capacity of approximately 3.5 million tons. The mill
will consist of a broadside mill, 4 roughing stands and a 6-stand
finishing train as well as the necessary auxiliary faclit’es, The
general features of these mills are as fcllows:

One 46" x 80" two high roughing mill

Four 46" x 62" x 80" four high rcughing stands.

Four 33" vertical edgers

One 25" x 80" two high finishing scale breaker

Six 28 1/2" x 80" fcur high finishing stands

Three 30" x 80" hot strip coilers.

Strip Processing: A single 74'' continuous pickle line will be used to

prepare the coils for further reduction.

Cold Reduction: The cold reduction mill planned for the first stage of

this mill has a 1 million ton annual capacity. This mill will coneist of
four 23" x 60" x 80" fuur high roil stands.
Annealing: Box type annealing will be used for the coils in this mill,
Six 4 stack annealing furnaces and six 1 stack furnaces are planned

. tu re~heat the cold rolled sheet and strip.
Temper Mill: A single 26'' x 60" x 80" four high single stand temper
mill is also planned for further sheet and coil treatment.

Additional facilities will include a shear and slitting line, a level-

ing andshearing unit and a galvanizing line,
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Semi-Integrated

In many ways semi-integrated plants offer the best possibilities for a
developing economy when the country is establishing its domestic industry.
This assumes that scrap is available through imports and/or some
domestic supply. Such a semi-intagrated mill is currzntly ceing planned
for Pakistan. This particular plant is decigned tc have an initial capacity
of 375,000 tons of finiched products of which kz21f will be flat rolied

products and half bars and rails and accessories. The plant will serve

Dock Facilities: The dock facilities of a medium size semi-

as a model of a semi-integrated mill with the following facilities:

y

integrated plant should provide equipment for the efficient
unloading and transfer of the necessary amount of scrap.
Further, if steel products are to be shipped by water it
should also include facilities designed to handle the partic-
ular typees of products to be shipped. In light of scrap
requirements, rixagnetic unloaders, clamshell buckets and
rail cars and tracks are needed. The capacity and
location of these facilities with respect to each cther is
determined principally by the amount and volume of ship

traffic. Obviously a plant located inland would not require

dock facilities but would need material handling equipment.
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by side, 2 of which are 3 high and the last which is a 2
high mill, Electric motors which deliver 2000 horsepower
drive these mills.

Continuous Pickle Line: Coils from 24 to 50 inches wide can

be pickled on this line. The thickness of the metal is limited
to a maximum of 0.125 inches. The entry speed on this
continuous pickle line is about 465 feet per minute,

Cold Reduction Mill: The cold reduction mill to be used in

this mill is a single stand 4-high reversing mill. The work rolls
on this mill are driven by 3500 horsepower motors which provide
a maximum rolling speed of about 2000 feet per minute.

Electrostatic Cleaning Facilities: The electrostatic cleaning

line which is designed to clean strip up to 48 inche s wide and
from 0. 0625 inches in thickness to . 008 has an operating capacity
of about 30 tons per hour.

Finishing Facilities: This proposed plant will also be equipped

with 7 single stack annealing furnaces that are designed to hold

a stack of coils with a maximum outer diameter of 60 inches and
of maximum height of 162 inches. The temper mill will be a
single stand 4 high mill with a capacity to roll strip and sheet

at a maximum speed of 2500 feet per minute. Thas work rolls

on this mill are driven by 700 horsepower motors. An electrolytic

tinning line and a hot dip galvanizing line are also to be provided

for the coating of sheet and strip.
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fixed mold concept. It was inaugurated in 1941 -1942 hy Republic Stee)
Corporation and after 1944 was carried on as a joint venture between
Republic and the Babcock and Wilcox Tube Company. Ry mid-1949

good casts were produced on & pilot facility at Reaver Falle, Pennsylvania,
but serious problems were encountered in (ooling the stationary mold

wall and casting rates were low by current standards (60 inches per

minute with oval shapes).

Babcock and Wilcox developed, built and installed the first contin-
uous casting unit for commerical use in the United States. It was
delivered to the Roanoke Electric Steel Corporation in December 1962,
following more than fifteen years of development work at Beaver Falls.
Unlike the earlier Babcock and Wilcox pilot machines, the production
model uses two reciprocating molds, vertically supported and water-
cooled. The two-strand machine can produce castings which range
from 3 x 3 inches to 6 x 6 inches. In casting 4 1/2 inch billets, hourly
casting rates average about 15 tons per strand. It takes 40 minutes to
cast a 22 ton heat into 700 feet of billets. This amounts to 105 inches
per minute per strand.

As has been noted, the casting rates attainable with the fixed mold
were limited and to increase them the '"'pause and pull' method of casting
was used. The mold remained fixed, but instead of the withdrawal rate
remaining constant in direct relation to the rate of pouring, it was

interrupted - either halted completely or slowad down - at specific




intervals so that a series of withdrawals occurred, each more rapid

than the pouring rate. As a result, the level of hot metal within the

mold was made to rise and fall, This created conditions in the mold
which were similar to those obtained by moving the mold, but the contin-
nsed acceleration and decleration oi the pinch rolls proved a disadvantage
particularly in the casting of large sections. (The pause and pull method
was employed with some degree of success by Babcock and Wilcox at

the Beaver Falls pilot facility.)

One step removed from the fixed or rigidly mounted mold is the
spring mounted mold. The spring mounting makes it possible for the
mold to move downward with the section thus increasing the time for
solidification and separation of the section from the mold wall. As the
mold moves downward the upward pressure imparted by the springs
inc reases eventually forcing the separation of the casting from the mold

wall and returning the mold to its original position.
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The most widely us ed method of mold design at present is the vertically

reciprocating mold. This typc of mold movement made it possible to

increase casting speeds significantly. The mold is mounted to move down-

ward at the same speed as the cast section for a short distance, usually
within the maximum limit of 1 inch, and to return at an accelerated rate
to its original position; this accelerated rate usually is about three times
the rate of withdrawal of the casting. Thus the quiescent state between

the casting and the mold is maintained during the downward movement
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and it imparts a sound surface to the casting. The accelerated upward
movement, while it does result in some disturbance, strips the mold
from the skin formed during the previous downward movement, and thus
permits the mold to be stripped under greatly reduced drag as compared
with the fixed mold process.

The earliest continuous casting machine with a reciprocating mold
to be used for casting steel was installed in 1948 at a pilot plant of the
Allegheny Ludlum Steel Corporation. In thir instance the process as
developed for casting other metals was carried over into steel. In fact,
the machine was originally designed to cast brass in slabs at 15 x 4 inches.
In casting steel, temperature requirements and cooling conditions proved
troublesome and the height of the tower was limited so that the distance
between the mold bottom and the pinch rolls, although insufficient, could
not be increased. This severely limited potential casting speeds, but
the machine was still capable of casting stainless steel slabs of reasonably
good quality. Subsequently continuous casting ma chines for steel were
installed in Germany, Sweden, France, Austria, England, Japan and
Canada.

An early commercial steelmaking machine with a reciprocating mold
was installed at Atlas Steel, Ltd., in Welland, Ontario. Construction
was begun in 1952 and square or rectangular sections were cast in molds
20 inches in length made of oxygen-free, high conductivity copper. In

1956 casting speeds of 175 inches per minute were possible.

i AR SR



1-%9

The reciprocating mold has also been employed with negative strip,
that is, in its oscillation the mold descends not at the same rate as the
casting but at a slighly faster rate thus reducing mold drag during
stripping to zero or to negative amounts. The skin is stripped during
the downward movement of the mold, whereas in the normal procedure
it was stripped during the upward movement, hence the term ''negative
strip.'' The process was first introduced in 1952 at the Barrow Steel
Works in Great Britain to produce small sections at casting speeds much
faster than previously achieved. Results with small sections were
favorable as is indi'éated by a speed of 570 inches per minute attained in
casting 2 inch billets. In 1959 operations were started on a machine
designed to cast large sections. Improvements were apparent in surface
quality and speeds of from 40 to 48 inches per minute were attained with
9 inch square blooms and slabs of 36 x 5 inches. This process is seen as
a significant advance toward filling the need of higher casting speeds and

increased rates of production.

The most recent development in the area of mold design and operation

is "curved mold'" machine. In this process the mold is still oscillated
and water-cooled, but the mold itself as well as the cooling chamber are
curved rather than vertically supported. This reduced the height of the
casting machine to le ss than one-third that of a vertical unit, roughﬂy
20 feet as compared with 75 feet. One of the major advantages of the

curved mold ma chine is that it simplifies building requirements since

small to medium sized units can be constructed within existing plant




structures. Vertical machines, with the casting floor high above ground
level, require new building construction and, « onsequently. entail added
costs. The curved mold unit further reduces costs hy eliminating several
machinery components. This contributes to machine lightness and
reduced foundation requirements. Figure 11 illustrates the two types of

machines. and Figure 12 illustrates the process.

Present Status of Continuous Casting

Since 1960, alghough pilot plant work and the further developmsnt of
techniques on a test basis has continued, emphasis has been turned to the
installation of production facilities. The increase in the commercial
application of continuous casting for steel represents a consolidation of
successful procedures developed through pilot plant activity and, as a
result, substantial differences which distinguished pilot facilities and
early production plants have been largely eliminated. This is particularly
true of the differences in molds since it has been established that some
reciprocation of the mold is of advantage in a commercially acceptable
process. Two types of reciprocating molds have been widely adopted, the
vertical straight mold with a vertical qone of secondary cooling water
sprays beneath the mold and the curved mold with a curved secondary
cooling sone. Reciprocation takes place either by the Junghans method in
which the descent of the mold and that of the casting are equal, or by the
Barrow method wherein the descrnt of the mold slightly exceeds that of
the casting.

Table 1 lists the number and location of continuous casting plants






