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SUMMARY
The paper deals with the oxygen-blowing processes for making steel as used

in practice, in which exclusively technically pure oxygen refines different

kinds of liquid pig iron.

The processes discussed are:

(1) The LD process and its varieties, such as LD-AC (OLP in
France)

(2) The Kaldo process
(3) The Rotor process
(4) The tandem process
(5) The LI-Kaldo process

The LD process being the oxygen top blowing process most widely used of
‘a.ll, is treated on a wider scale. By way of an introduction, the first tests
involving the LD process, its adoption by the industry and its further deve-
lopment are reported on. The devzlopment of the average vessel sizes and the
erection of LD vessels in different countries between 1952 and 1967, and also
the average vessel size in different countfies of the world are shown and des-

cribed in various pictures.

* This is a summary of a paper issued under the same title as ID/WG.14/59

_1/ The views and opinions expressed in this paper are those of the author and
do not necessarily reflect the views of the secretariat of UNIDO. The
document is presented as submitted by the author, without re-editing.
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Furthermore, LD ingot steel production including the production of
Kaldo-, Rotor— and Tandem steel plants is compared percentagewise with world
ingot steel production between 1953 and 1967 including electric steel, Thomas

steel and open~hearth steel.

Inasmuch as the amount of ingot steel produced by Kaldo, Rotor and Tandem
steel plants constitutes only a small percentage of the total amount of ingot
steel blown by the oxygen process, the LD steel process will be described as
the process representative of all oxygen blowing processes in particular as
far as its development during the past twenty years of its existence is con—
cerned. The section on the development of the LD process deals with the

production of mild steel, hard steel, unalloyed and also alloyed steels.

The other oxygen blowing processes are mentioned briefly as far as their

methods are concerned, and are also shown in pictures.

In conclusion, the performance of the LD process corresponding to its
most up-to-date stage of development including data on tonnage output per
hour and tap—to-tap times of different vessel sizes, are compared with the
tonnage per hour capacities of all other steel making processes. This com—
parison will clearly show the enormous superiority of the LD process as
compared with all other steel making processes, & guperiority which is based

on its high productivity.
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In accordance with this hesding my report tod'a; 18 to deal
wﬁ;h the steel-making processes using *echnically pure oxygen
as a refining gas. As Par as their sequence of adoption is
conocerned, the following oxygen-blowing ateel-refining pro-

cessss are being used in practice in tha world today.

i, The ID-procesn and its varieties (LD-AC, OLP)
2.‘ The Kaldo process
.3. The Rotor process
4 The !l.‘andoni process

8§, The ID-Kaldo process

of the 5 processes mentioned sbove, the simple LD-process
und'!ér blowing hasio pig iron containing less than 0,5%

of phosphorus, was the first to be sdopted by the ironm and

stesl industry and to sprezd most rapidly in the whole industry.
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If we include the ysers when the first tests were rua in
srall units, we may sey *hat the Li~process hss been known
for almost 20 years, aad it will nct be an exaggeration to
state that, after the LD-process excesded 1ts 100-million-
annual-tons mark of ingot stesel in 1966, it will certainly

continue its victoriovs march, remalning the predominant

oxygen steel-making proceas for decades to come.

‘The Kaldo process was adopted by the industry on a considerably

enaller scale.

The rotor procese in ite first modified forw according to
the Oberhausen, Germany, pattern, has practically been ex-
cluded from the field of gteel-making processes. The first
rotor planis to be tuilt heve been taken out of operation
and some of them have sven been dismounted. The design and
the operation of rotor plants bpilt in South-Africa a few
years ago, have been modified by engineers of Messts. Iscor .

during their oparatlon to such an extent that it is no longer
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possidle today to speak there of a simple rotor process as

originally developed.

The Tandem and abcve all thes LD-Kaldo prooess bel'ong to the

most recent developments and are only baginning to prove their values

The following picture is to show the revolutioniasing way in
which the m;prooeea wag adopted by the industry whenever new
steel plants were to be built and when oxintin; open-hearth

furnaces wers to bs replaced.
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This picture clearly shows the increase in LD ingot steel

produstion, the decrease in open~liearth production and also

the vemarkable incresse in electric steel production.

The thin so0lid curve represents the percentage of ingot steel
in world ingot stcel production blown with technically pure

oxygen, i.e. mostly ID-stesel.

It was impoasible to carry out a break-down into udtvidul
processes such s LD, Kaldo, Rotor or Tondem for the individual
years, since the available statistical documentation contained
’ -

only the ingot sieal dloia with technicaelly pure oxygen. The
consolidation of the LD, Kaldo and Tandem steel quantities in
this figure, h.cnever,gdoe-a not favour the LD-steel too much
because the percentag;‘. of Kaldo-steel in world ing(;t asteel
production amounied to only 3% 1967, the one of rotor-steel

to only about 0,5% and or Tandem-steel to only about 1%, that

is at a time when world ingot steel production amounted to

135,9 Mio tons, sll of which was produced by using technically
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pure oxygen. Therefore, in the follewing, all oxygen steel-

making processes are to be summarized under the name of LD-

! procees.

The two curves in fig.1, that is Open-Hearth and LD ingot

‘ steel production as a percentage, clearly show how great the

distance between the two processes still is today, in other

words, how far steel production by the LD-process still lags

behind steel production by the vlassioal process, the open-

hearth process.

OUntil 1958 the curve representing LD-steel practically runs

at less than 2% of world steel production. It is not until

1959 that this curve begins to rise considerably in order to

reach the quite remarkable height of 27,3% of world ingot steel
production by the end of 1967. The area covered by the open-
hearth process is still very large, although it constituted

only about 52,5% in 1967. It may be assumed with certainty,

however, that in the years to come, the LD-prooess will penetrate
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into the ares of the open-hesrih sven more rapldiy than it
has been doing so far, and that ite victerious march will not
' be completed until it has reached the borderline of the field,

which in any case will conuinue to b2 reserved for the open-hearth.

If we were supposed to interpret the figure tc give some

indication for 1975 with ragard to the percentage of world

R 5 W SO

ingot eteel production, we would say, I think, without making

a great mistake, that in 1975 LD-stcel will conatitute 60%, - %

electric-steel 20% and open-hearth-eteel 20% of world ingot

steel production. Since, however, this estimated percentage 1is

already closely related to the emount of scrap available in the
whole world, it will be rcre correct to give the following

percentage: 50% LD, 20% E-steel, 304 cpen-hearth-eteel.

:
4
i
54
5
§

In view of the predominant role played by the ID~process with

ite moat recent type of cpsration in the field cof the oxygen

steel-making process, I am going to deal more in detail with

the LD-process.

0
1
¥
%a
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Let me discuss dbriefly the flral ILD-tests run in 3349, and,
gubsequently, the individual periods of development of the
different types of LD-steel in their chronoclogical sequence

as far as they fit into this paper.

If we say that the LD-process has existed for the past 20 years,
the pioﬁiora who brought this process into being atill remember
the time of their test-work involving test vessels having a

holding capacity of 2, 5, 10 and 15 tons.

The work was started in test plants whose construction. was

improvised and which were equinped aa cheaply as posaible.

A hot-metal ladle, on which a cone had been welded and which
had been 1ined with basic material, was placed on a hot-metal
transfer car. That was all the oquipmenf available for the be-

s

ginning of the tests.

In 1949-50 only one of tho two test plants in Austiria hsd a

plant for the generation of 400 n-’/h of liquid oxygen., In the
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other plant the oxygen required to the tests had to be taken
from oxygen bottles located in the vicinity of the blowing site.
There was no electrionlly controlled lance equipnent. The lance

nad to be movaed by hand irto the desired blowing position prior

to and during the blowing.

In 'upitc of all theose difficulties, which had to be overcome
during the tests, large-scale quality examination of the different
types of steel obiained by refining with orygen were carxried out
already after the firat tests, and on the dasis of the results

obtained, the high quslity of the stael blown wam recognised.

The more favourable consfiruction coata of LD-steal plants as

’couparod with open-hearth-steel plants and the good propertiss

of the steels made by thls new process, which already at that
time were equel or superior to the properties of open-hearth
steel, together with a nuaber of othsr favoursble points paved

the way for the LD-process.
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In what manner then did the LD-process begin to prevail

during the indiviual years?

|
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This figurecontains ail the LD-vessels operating according to
the LD, LD-AC .proceaeee (culled CLP-process in FPrance). The thin
curve unmistakahly shews the trend towards a larger vessel sise.
In 1962 the 1imit of 100 tous was excesded for the riret time
on an average. However, in 1963 the average size got below that

limit, in 1964 1t got beyond the 1CO tons again in order to reach

the average size of 115 or 113 tons in 1966 and 1967.
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In the Unitod'stctol and in Soviet Russia a number of large
plants will adopt the LD-process some time during the next
few years. In these large gsteel-making plants with unifora
ltool-produotion programs connected with the 1qr&cut possibdble
weighte of the ingote, the vessel units to de erected wiil be
as large as possidle. It can therefore be safely assumed -that

the curve in £1g.2 will be atrongly influenced so that it will

run towards even larger vessel unite above 115 tona on an average.

In -@Af io shown in fig.2 (the broader solid curve) with regard
to the average number of newly erected vo-iol eiges, it goes
without saying that the time when the planning for the ID-ateel
plant to be erected wes done, played an important part. In the
countries lhoro ID-steel plant. were placed in operation c;I—
paratively early, i.e. as onrly as 1953-57 the planning of these
atesl plants wae started, the same as today, 2 to 3 years esrlier
and owing to the precaution prevailing during the first years

not peraitting the safe use of vessele larger than 60 tons, the
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vessels built'in those countries heve a small holding capacity.

The experience gained subsequently by practical operation, how-
ever, soon did away with that precaution permitiing & good
operation only up to a veessel gize of €0 tone. It is, therefore,
easily comprehensible why countries vuilding LD-steel plante

after 1957, show average vessel sizes above that figure.
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Pig.3: aversge vessel aize In difterent countries
during 1967.

Furope with its large number of highly industrislized countries,
which adopted the LD-process ati an early stage, has an average
vessel sisze of only 81 tons ae shown in fig.3. Australia's

average siss is 111 tons, Joviet Rusaia's together with the
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Eastern countries is 79 tono, in the Upited States it is 159 tone,

in Canada 86 tonz, in Japan oL ons, in South-America 38 tons, in

indie also 38 tons, in Afri:a 32 tonsa.

Schemotical view
VOEST of LD-vesse! 1968

Pig. 4: The LD-process

This schematic sketch in Fig.4 shows the process at about the
middle of the blowing tiwe. You nece ihe oxygen jet, the bath to be
refined and the layer of slag on it. Varicus steps of the oxidation
of iron occur, which in their turn together with the slag-forming
material charged, form 2 nlag of oxidens, which during the further

course of the process may be regarded as the carrier of the refining
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reactions owing to the violant mixing with the metcl to be

refined, which mixing ie caused by tie rormaticu of CO.

The next section of this report is io deal with the most imporiint
facts relating to the conducting of ithe prnaaaa.an such, that le
fa0ts which were asocertained with rogcyq to the various methods
of procesaing different types of ﬁot petal during the period under

" review,

In the course of the years a large smount of knowlzdge has been
acousulated contriduting to the further improvement of the LD-

process when applied to pig iron low or Ligh in rhosphorua,

One of the most important conditicns on whith the process le-
pends is the type of lance used and the nosgls head on the lanoce,

respectively.

Tor this reason I want to say & few words about the development

of the lanoce.
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The one-hole nozzle has been partly replaced by multi-hole
nozzles in recent times, both in the simple LD-process and

the lime-dust process. The one-hole nozzle, particularly in

the case of large veasel units, resulted 1in an unbearébiy‘““k”w‘
violent operation with a lot of slopping whenever the operation
was accelerated to achieve shorter blowing times, in other words,

when larger amounts of oxygen were blown, Apart from a lower yield

this type of operation also resulted in an increase of lost time

on account of continuous clearing work caused by slag spilling
into the space below the vessel. The idea of blowing fresh cxygen

on to the bath, through a multi-hole nozzle with a smaller blowing

power, was covered by patents already at the beginning of the

introduction of the LD-process in 1950.

[%

A nuaber of years ago a varlety of these multi-hole nossles was
used for the firat time on an industrial scale in Japan when the
0G-process was being adopted there. The nozzle proved satisfactory.

Particularly in the cass of vescels with a holding capacity of




ID/W3.14/59

Fapa 17
more than 100 tons, using C3 equipment connected to the LD
vesssl, it was intendsd tc find a @ay of nlewing dmxring a
quie* and uniform operation, whi-p wouid be fres ?rom s8lopping
as far as poseible. The multi-hole nozgle net }his requiremant
and thue esmentially contrivutesd to the adoption of the 0G-prccess

and brought with it aleo the other minirux-gam procenses,

The tuhdan;ntal {dea of aclileving & guist blouwing process, how-
ever, was likewiss very important for the LD-rrocess, and this
wan.thc reapon why aubseqaently aleo in vessels without the
miniJum-gas process, and today in vesselr under 50 tons of

holding capacity, two-uoie nozzlies or three~bole nozzles are used.

‘The posaibility of blowing more oxygen into the process per unit
of time by using a multi-hole lauce, grostly reduvcsd the blowing
times, particularly in tre case of veusels of wore than 100 tons,
Purtermore, the use nf the multi-role nozzle bruught abont a
someshat more favourable heat economy by burning more CO to CO,

in the vessel itself, in whioh connection a lacger amount of
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cooling scrap could be used for the process. Similarly, the

1ife of the lining was bebler protscted owing to the fact that
the haat created in the upacr part of the vessel by the one-hole
lance operation was diminiehed, All theae advanteges held by the
multi-hole{ nozzle compietely custed the one-hole nozzie ‘4n recent

times, particularly in large vegsels.

The multi-hole nozzle was developed last year even to such an
extent that in large veasels 4-hole nnd 6-hole nozzles were
used successfully in order to further decrease the blowing time.
When using a one-hole nozgle in 2 84111 justifiable type of
operation, the pure blowing timt used to ba frem 3% - 37 min.
in vessels with a holding capacity of 200 - 300 tons. Today,

I only a few yeers later, the b;owing time ip below 18 nin.. on
an gverage, in the case of vespels wiih a holding capactiy of |

200 - 250 tons if a multi-hole lance is used,

The originally established standsrde of blowing times for an

operation involving & one-hole nogzle have been completely
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abandoned owing to the introduction of the multi-hole noszzle,

which can be proved by examples takeu from today's practice.

In the lime-dust process used for the blowing of Thomas iron,

the multi-hole nozzle has also proved eatiefactpry in the case

of large 'veuels, both in its normal design or in a special design
having a finished surface in its interior, that is @ chromiuam-

plated, nickel-plated or copper-hardened surface.

vulti-hole nozzles for the lime-dust process are used with

thelr individned nogzles being inolined to the middle axis or
running parallel to che middle axis in a Laval-type design or

also in a cylindrioal design. A noszle developed by Messrs. ARBED,
Dudelange, luxemburg, for the LD-AC process, called the,amg-lanco.
is of particular interest. It is a 2-Jet ox}gen nozegle with
separate oxygen control, whioh; in addition to the main jet in

the center of the nozsle head (Laval-type), has an outside nossle-
ring in the nozzle head which permits the secondary oxygen to

" enter obliquely into the main jet and rarefies gho main Jet

depending on the pressure conditions prevailing at a particular.




1D/40.14/59

Pege 20

moment. In other words, in the ATR-lance the secondary oxygen

is blown through swall nozzles mounted obliquely in the lance.
Apart from the rarefaction the partly'tangentialléfrect on thav
main oxygen jet causee the latter to rotate to?; in addition to
being rarefied. The guesstion as to what extent this rotation of
the whole bxygeu»blowing cone is of adventage for the developmant
of the reactions or whethar this rotation can cause an additior=2i
movemcnxvct the bath surface when the Jet impinges upon it, cannnt
be snswered here. This nozgle with the two oxygen jets enables,
howGVer, the blowing to be made harder or softer depending on
what 1o required, by ad’nating the flow and the pressure of tﬁa
gorrecpunding seco:idary oxygen accordingly. Thiq poosibility of
sdjustment has proved nrighly satisfactory when Thomas iron is
blown, partiocularly during the first phase when the fosming period
~wust be enntrolled and mlso at the end of the second phase wheﬁ

harder dlowing is required, not only in the cases of 20 ton-,

50 ton-, 70 ton-vassels, but also 4n the case of larger vessels

holding 130 tons.

i
]

|
!

|
!
|
i
|
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Although this type of lance, that is the ATR-lence, was first
used oﬂly for the ILI-AC process, that is for the dlowing of
Thomas iron where it ia atiil being vused, it could in my opinion
likewise be used for the blowing of basic pig iron, because also
in the one-slag process on tLe basis of what is known to'day, the
possibility of adjusting the lunce-work without changing the
lance-height making the blowing harder or softer, would be

highly deeirable.

After blowing basic pig iron first, hot metal with a medium
phosphorus content end finally regt.;lar Thomas iron was blown,
Today any steel-maker lLuows, partiéularly any Taomoe-steel-
maker, that on condition that extremely low phosphorus contents,
for example below 0,15%, are not required in the final analysis,
the oxygeh lime-dust proceas, i.e. the LD-AC process, which in
France is called the OLP-process, is the cheapest and at the same
time the most productive process to make steels with a low carbon

content.
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In the LD-AC-process lime dust is used, which is added to the
process through the refining oxygen, which acts as 8 carrier
in this cese. In other words, 1ime dust and oxygen are azent

under pressure to the working lance *hrough tubes and metallioc

hoses.

A further development of the normal lime-dust lance is the
telescopic lance, which has proved satisfactory in several
cages after a solution wus found to the delicate problems of

packing.

The most important thing in the 1LD-AC-process and also in the
simple two-slag LD-prucess using lumplime for the procesaing

of high’phosphorus not metals, 1is the correci way of conducting
the process during its #irot cperational phune, 1.e. during 1its
first blowing period. During thie phese the slag snould be as
foamy as possible. Owing to the improved reacting property of
the slag with a high Pe0-content, the foaming of the first slag
parmite dephoaphorization to gtart earlier, i.e. prior to the

combustion of carbon, which subsequently begine quite violently.
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By using corresponding Wlowing methods the foaming of thas slag

can be achieved and econtrolled.

Sincs it is difficvit *¢ influance the behaviour of the slag

by teking immedlsate sction boved on tlowing technigue, once the

slag has begun to rise, cther technicel auxiliary menns have be~n

worked out, ensbling the opsreter nt the vessel to safely control

the foaming @lsg to & very far extent.

7he following methods bave been used in practice auccegssfully.

1. Observing the flame escaping above the veesel mouth for the

control of the “aamire mleg by means of a photographic cell

and by regisiration cf ike rudiation intensiiy of the flanme.

2. Measuriuz the misok tezperntures in the sirean of waste gases

and registration of ths sere.

Using the curisnt measurements of the stack tempsrature during

the first bloviasg phuse, it is possivls to draw conclusions re-

zurding the behaviour of the foam of the slasz. A Leat bused on
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fonmy-slag woTk 18 controlled by hand or aleo automatically
by adjueting the lance and the oxygen flow on tae basis of
an imperically established and drawn £i-ed curve. If the
temperature curve is maintained as clon2 us porsible %o the

preascribed ¢ixed curve the foaming of the sleg will ba good

and can still be controlled.

3, Measuring the noise in the upper part of the vessel by means

3

of special devices.

The devices are arranged outside the vessel in the area of the
cone. On the basis of the bilowing noise, which is amplified and
registered, permitting direct conclusions regarding the foam
degree of the alag, the heat can be conducted from the control-
pulpit with a corrasponding adjustment of ihe oxygen pressure
and the lance posittonlin such a way that thera will be no

slopping, but very vell foaming slage.

4. Measuring the foaming siag rising in the interior of the

veagel by means of water-cooled probes charged with sleotriec

current.
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The uss of this controlling sguipment 1n a8 pilot plant enabled
vhe héight ot the slag ivnm 4a ihe interior of ihe vessel tc

be measured unobisctionahbly. In other wmoxds, the first dlowing
phase was kept weil undewr controll enauring an cperation with-
out slopping. This cheap and simple method bus not yet been usad

in practice, thst is in an opderaiion involving large vessels,

A number of countriea havs alvready shown interest in the LP-AC
process also for blowing basie pig iron. In England and Japan,

the LD-AC proceas is slready beiny used for that purpose,

fhe LD-AC process, when ueed for blowing basic pig irom, also
distinguisher itsel? by better daphosphorizatien and desulphurisa-
tion and by more favcursble conditions for the life of the lining

dus to the fact that the slag is formed mors rapidly.

Por the lime-dust procese the lime to bs used must be crushed,
ground and it must atill be avtive when uged., Besides, additional
equipment, which is not rsquived for norrmal LL-practice involving

lump lime, must be installsd for charging the lime duet in these
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procesnses. This additicnal eqaipment togeth:ar with the lime
praparaticn increases the convrersion custa ¢f the lime-dust
procesees As comparad with th~ normal TD-prccors. Thie additional
cost, however, ia conpeusatsd Lo a 1srge exvent by the poosibilily

of blowing Thomus iroun into high-quality Ld-sisel with low

phogphoriti=, gulpnr- and n! LrOg:n conteats.

Naturally, attempis have been made Lo eliminate a3 far as possible
ihis additional coet cnused by the commtrustion of additional
squipment in the 14{us-dust processes. In this ~onnection the
ring-nozzle for blowing Tromas iron wao dgveloped by Viest, Lingz,
_ustria, 8 Tey yaare ag . Tn tha ving~nozzis th> refining oxygen
snd the liwe dust are charged separately. The lime dust is sent
2 the Lip of the norzie tLznaugh a central tube, whare it is
mixed with toe reiining curden in the sxpanded portion of the
nozzle-head, with the refining oxygen btlowing cut of a slol in
the ring. Ths line dust for the ring-ncagle cen be menl to the

wrper hend of a isnce with air or also oxygen by a low OF mediun

pressure station,
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Extonmive teats involving the ring-nozzle, have been carried
out on a large operational bapis and have shown that this very

pimpie nogzle can be uned for blowing Tnom.e iron,

Another method which proved succesaful in recharging dry dust
cbtained in the electric filter of the LE-rroceus by using the
Strico-prcress ard in vhich the dust was raturncd to tlie procesa

by means of a second lance separated from ‘he oxygen-bloring lauce,
naturally also showed the possibility of charging lime duet inctead

of dry LD-dust to the process.

The way in which this twou-lance operaticn worked, was reported
c8 early ae 1963 on the occasion of the lLe Touguot-meeting, and,

iater on, seversl reporte were filed on the further development

>f this method.

The lime-dust teate with a gsecond lance were successful. The dust

“lown in was taken to the process a 100%, which meens that no

dust was lost to the waste gases eacaping in ~n3 opposite direction.
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This method according v vhe S4¢rico-proceas, whish is aleo
celled whirlwind eyatew, for chargins 1ims dusi, is likewise

a cliple and cheap gethod . It kas Leen Qeveloped by Messrs. OAMG y

Avetria, in cooperation with Masgra. 3irice arid hea already been

used on an industrisl scalae.

T8 attempt to find a solution to the prablem of increasing

tpe scrap crarge in normal LD operetion by the creation of

additional heat, took many years of hard work. It is well

vnown thst the LD-process, when blowing diffsrent types of pig

ore

iron, uses certain nerling rates of scrap of slso lipestone,

Jhose amounts carrerno . 40 the chemical and prysical heat of

+he Lot m=atal to ha plewils

S awa peginntug 0T AheRw tasts certain asounls of coke were

used in ordasr to supdly sd2iilonal hest tn ths process. The

repulte, however, wore hardly encouraging ernd not suited for

application ia practice, because the ditficulties encountered

the slag to foem, whioh

in @issolving ithe cuie charged caunsed
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Interferad with the wiale prvocers partlenlariy with good de-
phicephorizatior. In addition to that, the efficlency of coke
conzeunption wase 8o bad thet there wes no ssnse in continuing

the teats on thai bapism.

‘

The next step 1n the teat aseries aiming at the pceeibility of

relting larger amounta of scrap in the LD-proucesa, was the use
of epecial lances, which were to hesat up the charge and
gimultaneously refine the bath with oxygen and oil or natural
gas or coke-cven gas. Messrs. Vereinigte Osterrcichische Eisen-
und Starlwerke AG were the first o develop auch a special lance

:1led the hesting and refining lance, which yielded quite re-

~srkable results in practice. The lance actsd as a heating or
yurning lan~e, on the one hand, and as a refining lance, on the

other. ¥uel wae supplizd until a few ninutes prior to the end

of the hlowing pericd.

7he test results snowed that in order to increase the scrap

saarge by 10 % it was posesivle to use a hecting and refining
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1ance 1o heat up the a~v~p and the hot metal together in the

vupsel without jnterrupting the 1D-proce3ss, maintaining a still

jugtifiable pert cofficiency for the heat brought o the process

from the outaide.

In order to increase the scrap charged by more than 10% the
wotk 1nvolvjnglthe pepting end revining lsnce nust be devided
gnto two work phases 1f a eimilarly favourable heat efficiency
1; to ve obtained:
The ecrap ise peated up in the vessel to 800 - 1000°; after
heating up the scrap the 1liquid hot netal is poured into the
~+agael, whereupon the slag-forming materisl 18 charged, and
subsequently the reating and yefining lance 1is brought into
soeition for commencing the gecond WOrkK phase., BY using th;a
nethod 1t was possible to reach scrap charges apounting to abow
n: of the metallic charge together with the amounts of scrap

sorrespornding 1o the cheuical and physical peat of the hot neta
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| In attempting to further improve ithe heat efficiency in the

operation involving liquid and geseous burner lances, already
known high-efficieacy cyygen, cil or gas burnseras were used for
heatiné up the scrap and the procees, a8 mentioned above, was
likewise devided into twe parts. During the second part, after
the hot metallhad been poured initoc the veegsel, the procees was
continued as a normal LD-precese ueing & normal LD-lance without

the addition of fuel,

These temts were carried out aucéosufull; slso in large plants.
The equipment on the wessel included the following:

Cn the lance carriage, which ig laid out for a work lance and a
stand-by lsnce, hanges the high-efficlerncy burner instead of the
stund-by lance, and the second lance is the normal LD~1ano§.
After heating.up the scrap, the bdburning lance is removed; after
pouring 1n the hot metal‘tha oxygen-blowing lance, which hae been

prepared in the meantime, is brought intc position without any

. delay being caused in the course of the operstion. This two-phase

e i < e e
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operation for increasing the amounts of scrap charged 1in the

LD-process, has proved patisfactoryin spite of the loss in

perfirmance connected with itvaa conpared with the normal LD-

. process, Thias ebove all applieo ta pierts in which there i
somatimes a shortage of bot metal. 1% was poeei;le in these
caaes to process larger apounts of scrap by the LD-process and

+o achieve in this manner a nigher output of ingot steel,

A further step in the field of the inorease of the scrap charge
in the 1LD-process by the addition of additionsl heat carriers,

wat Sne use of CaC, as 2 slag-forming material in solid form

replacing burnt lime either partially or conplataely.

ifter the firast teats carried out in a small vessel plant at BHP,
justralia, proved promising, lurge-scale teste were carried out ir

normal-operation planta.

Crmmercisl carbide 1s expeanive and anyone having to deal with

+hie question will first think that owing to 1te high price carbi




ID/MG.14/59
Prags 32

can bardly be used for metallargical purposes on & largs eoale,

It you go into dataile, however, and calculats the operating costa
for carbide, bvasipg your calculation on the ratio,betwean the price
of the hot metel and the prise of {ihe e2isn, you will reslize that
in cases where the price of ascrap is low the use of CaC, can really
permit a still jastifiadle production of 1D steel 1n spite of the

high price qof carbide,

It is intereating to note that the results obtained in practical
nperation by different steel plants showed that in the case of
small vessel units, 1.0, from 40 to 50 toas per kg of carbide,

1t was poosible to charge by 10 to 12 kg of acrap rore than usnﬁl.
Béwever,‘in the case of larger vessel units holding 150 to 200 tons,
the amount of scrap could be increased only by 6 to 8 kg per kg

of carbide. This difference in the efficiency of carbide consumption
can be interpreted to mean that 1n the case of smaller vessels

which, absolutely speaking, have a ahorter bath disceter, the

- afficiency is higher for the molutica of the cartide from the
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point of view of time, while in wider and larger veegels it 1s

more difficult for the carbide plecee, gpread over the whole

sarge surface, %o dissolve.

Thene resulte led to the idea to blow the carbide to be charged
in the form of dust or of finent grain on to the central area
of the surface of the bath where the nighest tewpurature pre-
vails during the proceas in order to achieve in this manner a

more rapid dissolution and, thbus, %o prevent the plag from

starting to foam.

In accordance with this idea of bringing sarbide in the form

of dust or fincst grain into the proceass, tests were carried out
in the plant of Meaars. DAMG, ueing the whirlwind process, wkbich
was already describved in connection with thse operation involving
14me dust. The tesis shoﬁed that it was correct to supply Ca02
in 4ts finest form to the LD-process, i.e. to the central part
of the reaction area. In this manner it was possible to create

the most favourabls conditions for the dizsolution of the carbide.
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It was found that the use of cerbvlide dust essentially improved
the development of the procees as compared with the operation
involving lump carbide. It was pocsible to see 8 normal flame
at the vessel mouth and there wae no strongly foeming slag as
when lump carbide wss used. When carbide dust was uced the
formation of the slag began by 2 to T minutee earlier, which

£

likewise was to be expected.

The fact that the use of carbide in ite finest form instead of
lump carbide permits a normal quiet operation of the slag with
practically no foaming 1n‘the LD vessel, may be described as a
success. 1t would therefore be an advaniage to include equipment
for the pneumatic dust supply according to the whirlwind system
in the planning of eny ID-ateel plants in the future in order to
permit the utilisation of these advantages in the operation.’

The use of dry LD duet permits a favourable reutilisation of the
latter, the use of lime dusi improves dephosphorization and
desulphurization and the use of fine carbides permits an increase

in the amount of scrap charged.

.
;
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Phe greast difficully you ria into when using carbide is its

ynelination to hydration. carvide must be stored 1n airtight
containers until it 1is aned in the ID vessel, which in some plants

cauzea difficulties.

Tertis involving 8iC to increase the amount oi scrap charged in the
1D veasel, on the other hand, have anoan more ruvourable operationa
conditions. S51C can bve stored in the open air withont any dsanger

and therefore hae lesn problems whean used in practical operation..

— 7 number of improvements achieved 1n,#he course of the years in
the field of 1ikhe control ot the LD-process should likewise be
10ted. The meot lmporsant of them is the vse of an optical method
ror obamerving the fleue with simultaneous deternining of the final
roint of soft steels. Thia method enabled the planis in which 1t
vas used to improve their yield by adhering wmore exactly to the
tlowing conditions at ihe end of the procens, which is characteril
ny the fact that ihe §e0 ~ontent 4in the slag romsins practicelly

‘he same. By the eliminatlon of defecis caveed Ly overblowing
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soft heats, the gquality of the steel produced was improved again.

A wide area is covered by the LD process in the production of
high carbon and alloy gteelo. After the meihod, according to
which the steel which had been blown down was recarburized in

the ladle by the addition of carburizing agerts 17 the C’content
was to be bvetween (,10 to 0,25%, the method of catching the heats
in the case of steels with an even higher carbon content was de-

veloped on 8 large basis and is ntill being used todey.

The reason why ithe method of catching tbe heats for higher carbdon
contents spread sov vapidly, was the fasct that it was very hard to
hit the correct content by récarburizing the st:els in the ladle.
Today, however, carbon carriers are blown pneumatically through a
tube into the ladle during the tepping according to the re-~

carburizing method end, thuae, it is posaible to hit the carbon

content of the heats quite Bafely.

on the other hand, the method of catching the heats still pre-

vails in ID-steel plants when high-carbon steels are produced.
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1f the hot metal has 8 high ¥n content remanganizing, which

occurs during the 1ast third of the blowing period, may bve

utilized whan the entcaing method ie applied. In the cagse of

such a hot metal stecle waving a C content of 0,50 - 0,70%

and a Mn content of 0,80 - 1,20% can be produced without any'

ferromangonece heing ndded or with only 8 small smount of FeMn

being added.

There are 3 points sharacterizing the catching of heata negatively

They are the uneatisfactory F and S contents in the finished

pteel if the slag formation is not conducted exactly. Then the

lower amount of acTeb shnyrzed as comparsd with heats which rre

completaly blown down in order to obtain the correaponding final

temperature of the finished ateel with A nigner carbon content;

and the third point conserns output, i.e. the productivity of

+he operation. The time required to get the rapid esmple analysie

, causes & loss of time with caught heats. Th

¢yom the leboratory

are plants equipped with -ost up~-to-dnte spectrographs, which
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nevertheless have %o ra.t Jlor & to 12 minutes until they receive

the teletyped analysie, i.a. the time that elepses between the

taking of the sample and the receipt of the meslyels in the
control pulpit. This le too much time, it reduces tho efficlency

of the vessel and, besides, the finiahed heat lying at pouring

temperature in the vessel unfevouratly affecta tha aersitive

lining.

In order to obtairn o more favourable final analysis with regard

to P and S, and to eliminute the loces of time ae dessribed ebove,

the LD-steel plant of CAMG, Ausiria, develupad a method which
wre indluded in their large production progreame of high carbon

steels,

50 % of the ateels produced by that plant have 2 somewhat high

carton content. According to that method a certain amount of hot |
metal calculated on the baeia of the carbon content to be achieved
in the final analysis, is poured into the etecel stream in the {

" ladle during the tapping of the heat which has been blown down
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to 2,08 to 0,10 % oi carbon.

Special steel production in the 1D vessel

During the firet years when the LD veesel was adopted for the
production of speciul steel, apeclal steels with a total alloy

content of 5 % wers blown by 14,

Inaaduch as the majority of the special steel plantes are equipped
with degassing plants for the treament of agteel with special
quality prescriptions, thece plants were included in the various
teat serles simed at working out the entire technigue for special~

steel production in 1D-stes1 plants.

The method of producing glloy steels 18 divided into 4 main groups.

1) The blowing of basic pig iron in the 1D vessel with the slag
being removed once Or Qeveral times and the addition of alloys
during the blowlng process at certein intervals. After the
tapping of the neat into the ladle, deoxidisere are added

and slight alloy corrections are made, This i1p the 0ld method

as used in open-hearth furnaces.
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2} The blowing of basic pig tven in the N yesael with ihe slag
being removed once or anverul times, .fo 2ddliion of alloyd
during tire procens and, »u aequently, corplete deoiidation
of the stesl in the vesnel cwA 4pe egrrection o€ uhe ecarhon

content in the ladle during tapping

%) The blowinz of beoie piy iron in ¥0 wenpel willh e eles
} 2ing removed cnte OT moveral times, <lw raidittor of alloys

iuring the L1ow'7s waee st 4vanafom L Ll {fiplahed reat to

‘ha degasuing plant,snd aftexr dsgaecing fipul d.onidestion

+o steel.

vn2 method mentiv,ea wiesd zoind B omay o7 papgorited us the net.od

.

aout widely uced teday, for it ercabes et s mourable conuitil”

s-om the point of view of quality. The puhsequent vacuul-leguel v 5

wsthod shortens tnv meltins e 40 the weuesd nec.uge the de-
axidution (rsfining) periou 1s transfecruc trom $ho 1D vessel o

ihe pouring isdle and the vacuur pion®.

]
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4) The charging of pedium-elloyed or high-alloyed 1liquid basic

pig iron into the vessel.

The alloyed basic pig iron to bve blown, should have 8 chemical
composition not requiring the addition of solid alloys during

the blowing process.

Paking into account the alloying elements contained in the charge
of alloyed liguid pig iron, the heate are run in the 1D vessel in

a special way regarding slag formation.

The desulphurization of the alloyed hot metal is carried out
prior to charging the hot metal into the LD veesel so that the
slag work in the vessel does not have 1o accomplish any metallurgical

taaks and the process ijg restricted exclusively to pure refining.

Inasmuch as the dephosphoriZation of an alloyed hot metal with a

‘high Cr concentration ia no longer possible from the metallurgicsl

point of view, the charge for the unit producing the hot metal must

be chosen in such a way that a correspondingly low P content will




be obtalned in the analysis.
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the fact that the refining

dly rotating vessel.
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The gaseous oxygen 1s blown acroses the bath by means of @&
water-cooled lance introduced into the vessel through én opening.
The waate gases evolved during the process, which mainly consist
of 002. go into the stack through the vessel wouth in the opposite
direction. The echematic sketch in fig.5 showa the Kaldo rotor

in 4ts operating poaition, the lance position during the procese

aﬁd the stack receiving the waste guses.

1

The first plant of an {ndustriel ecsle was put 1nto operation in

sweden in 1956. This plant had been built for processing higb-P

hot metal.

In spite of 1ts good performance and the resulté obtained
quality-wice as compared with the open hearth, thie process
gained ground in practice rather slowly. By the end of 1957 a

total of 10 Kaldo-plants were in operation in the whole world,

of which 5 had veen laid out with exchangeable vessels.

It goes without saying that the possibility of rotating the

A
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melting vessel holde advantage for the technlque of the process.
It is possible to control the iron content of the niag and the
carbon drop by changing the ijistance of the lance and the speed

of rotation of the vessel according ‘o necessity.

Aftar,f;nishing the heat the final slag can easily be stiffened
up.in.the melting Qeabel. particularly in the case of goft heats
with a low carbon content, wifﬁ a lime additipn beiAg made while
the vessel is atill rotating. The Qtilisafion of thia advantage

ensures the lowest possible phoaphoiua contents, since any

rephoaphorization caused by slag getting into the ladle when
the vessel‘ia tipped, im excluded to a far extent. A further f-
advantage of rotating eteel &nd slag is the pessibility of

obtaining the required tapping temperature exactly.

The possibility of mixing the heat and the slag by rotating the
vessel at the end of the process, results in a steel which, when

poured into the ladle, has & far-reaching homogenecus composition. :
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Another highly remarkable feature of the Kaldo process is the
‘poaeibility to burn the CO which evolves during the refining,

to CO, in the rotor. 90 % of the CcO evolving in the refining
process 1is burnt to CO, in the rotor. The heat created by.thin
combustion can be used for melting more 8Lvap. The scrap in the
Kaldo process conatitutes 40 to 50 % of the metallic charge if
Thomas iron is blown with 2 slags and a greater smount of slag.
1£ basic pig iron is blown, the scrap charée may g0 up & high as
50 4. Any type of pig irom of course can be bloan by the Kaldo
process, although, originally, %he Xaldo process was adopted 1in

practice.excluaively for blowing nigh-phosphorus hot metal.

This process may be cooled with cold pig, with scrap, dbut also

, with iron ore. . , .

In the end, however, when judging the value of this process, the
justified question arises why today, in spite of these favourable
aspects, only 10 Kaldo piants are in operation. In contrast to

that, a total of 115 ID-steel planis are operating 1in different

countries of the world now.
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In my opinion the most imporiani reasons why the Kaldo process

is being sdopted in practice rather slowly, sre the high maintainance
costs of the rotating melting veasel, which ia slmost like &
maschine, and the still unaolvéd problem of the refractory

material bvest sulted for it =8 well ue ite lower productivity in

comparison with the LD~process.

~

The Rotor procoan‘~

P

exhaust seconcary nozzie
. o gq_s__(me ”'-_..«_\ 0119.‘:“." .
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tap-hole primary nolzie

v & £ 57| Schematical view of Rofor-furnace 1966

rig. 6

Pig., 6 nhowi a schematic croas section of s rotor plant. You can 1

.- gee the tube-like vessel operating in a horizqntal position, i
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You can also see the primary~-oxygen 1ance working as an immersed
1ance and the pecondary 1ance which sends the oxXygen across the

vath.

The development WOTK for the rotor process as adopted in practice

gubaequentiy, originally atarted at Oberhausen, fermany, and was

oased on the use of additional oxygen for ateel-making in general

g8 tried out in that plant many years ago.

In 1952 it wae attempted for the first time to refine hot netal

in practice in a 20-ton meliing veosel equipped with an oil burner
and on which jnetesd of that oil burner an oxygen lance had been
mounted. The teats aimed at refining hot metel in this manner
yielded encourasing rasults gnd in the coursé of the subsequent
tests a veasel of gipilar design, which, however, could bve rotated,
was placed in the pouring area of the blast furnace. This rotating
vessel had the lance equipment for the eupply of oxygen on its

open ¢ide and ita tap hole on the opposite side.
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" In the rotor process proper, which Aeveloped fyom tnase pre-~
liminary tests, the oxyjgen is supplied in two serarate jets.
There is 8 primary oxygen jet znd a seccondary oxygen jet, The
£1ow and the pressurs of the two Jets can beladguated separately.
The primary oxygen is blown below.the bath surface by means of a
water-cocled lance at the entry side of the rotor. This oxygen;

which is blgiﬁ in at high speed, oxidises and moves the bath.

The secondary oxygen ;a uned for burning the CO which sevolves

during refining, snd is therafore blcwn in above the surface.

The waste gasee evolving during the process axe gucked off into

the stack at the appuaite alde. The rotor is, ac iis name implies,
a vessel which rotates during the course uf process. The number
of revolutions per minute, however, is only in the ares of

Og‘ - 0150

Any typc_ot pig iron can be proceased by the rotor process. It

vasic pig iron is used, the process 1s run with one slag; 1if
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&

Thomas iron is used, it is run with two or several slags. In

this case too, the final slag is used for the next heat.

In spite of the fact that after the firat tests snd the first
operating plants the opinion prevailed that this process would
be widely adopted in practice, thigs did not happen. The rotor

plants in Germany, the country of origin of this process, have

been shut down and part of them have even been dismounted.

In my opinion there are several reasons why this process was not
adopted on 8 large scale. They were the difficulties regarding
1ining life, long tap-to-tap tiaes, y.¢. an essentially lower
productivity thﬁn in other oxygen-refining proceeses, difficulties
in ﬁelting technique encountered tu large plants, such ag the

.

conduct of the slag and uniform temperature control of the heat

as well as higher capital invastmént for a rotor plant as com-

pared with other oxygen-steel»making facilities.
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The Tandem furnace -

~—

. e e
VOEST Schematical view of

. 1968
Tandem -Furnace i

Pig. 1

When pig iron is refined with oxygen the heat produced by the
oxidation and the slagging of the impurities is somewhat greater

than the combustion heal together with the senaible heat of the CO,

which evolves during the refining. The Kaldo process and also

the rotor process are pased partly on this knowledge and both
processes utilize +he nest produced by the combuation of CO in

the interior of the melting vessel.

4

After the development of the Kaldo and the rotor process it was

attempted to find a new Way to use the heat originating from ¢o
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comtustion advantageously in practice. On the basis of erperience

gairied in retox operation Mesers. Izcor, South-~Africa, developed

the Tardam procecs.

In ‘he Tandem process the refining nnd the CO -combustion hroﬁghf'
abovt by oxygen, tekee place in two snparate melting vensels

locatad close to each other. The srme an 1= the ¢nse of the Iscor
rotor proc;aq, the refining oxygen is blown denp intc the vath et

suparsonic speed, The lance i located immpediately above the bath.

Picture 7 is & schemstic representation of the Tendem plant.
While the refining is done in was furnace, the cold charge 18

nzated up for the next hsat In the Purnece next to 1t,

The rerining prasce covers apont 50 ¢ of the time of a heat with
the otber 50 ¥ being *hs heating-up wo7K. Ta other words, the
neayth vessels npurate interchengesbly asa refining furnaces and
as prehaating futnecez. Accordiog To the mont recent stage of the

developrent of thile techaique the pure Llowing iine for a 120-ton
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went is 45 minutes in this process. About 16 - 20 heats per day
can be blown in such a Tandem furnace pliant. As far as perfomance

‘s concerned, aleo this process lags behind the I1Il-process.

The great advantage held by the Tandem furnace is the fact that
such facilifiee can be installed in existihg open-hearth planis
at lowest cost.and that after such installation a rewarkabdle
increase in performance can be achieved as compared with the

open-hearth plant.

ine space required by a 100 -~ 120-ton Tandem plant is not larger

than the space for a 160 - 180-ton 6pen—~hearth-furnace plant.

in this connection, however, it should be pointed out that it
iz possidble to yinatall also 1D vessels in existing open-rearih-
furnace planta. Planta of this kind have already been erected in

iifferent countries and thus prove that such installation is

poasible without extending the height of the existing steel-plant

suilding.
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e ILD-Knldns process

T I

-

The most recent development in the field of the oxygen-steel-
peizing procesaes is the 1D-Kaldo precess, which has likewlse

resn developed for blowing Thomas iron, i.e. iron with a high

P content.

About 13 years after the adoption of the LD-process by the steel
{ndustry and 9 years after the start-up of the first Kaldo plant
in the world, Measars. Cuckerill~0ugrée, Belgium, decided to

" develop a procees whinh would combine the adventage of the iwo

processe. 1.4, LD and Kaldo.

In the Marchienne plant of that company an 1D-Kaldo plant with

a noaminsl capacity of 35 tone wes erected and put into operation
in 1665, ' | ;
A its name implies, the LD-Kaldo process is & combination process

#hich for eay length of time can be run jusi like an LD-process,

{1,e. with the veasel ian upright position not rotating, or like
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the Kaldo process with the vessel in inclined position rotating

around its longitudinal axis.

From the iime of atart-up until today they have prceduccé vy iis
combination process at Marchienne several hundred thougand Lons
of ingot steel of different grades, soft and higa carton, rimmed
and killed, unalloyed and also ailoyed. From the point o7 view
of quality the results were absolutely satisfactory in sll sleel

grades blown.

-

The essential features of the LD-Kaldo process are tbe following:s
The vescel in which the process is run, is derigned in nocorannie
with the mespurewents applying to an 1D vessel. &t Cun e TLLaTea
around its longitudinal axis in an irclined positica for any LoLitn
of time both during and after the completion of the heat. Tals
feature ensurea optimum dephosphorization and desulupnurioation,
If Thomas iron is used with the inzenlion ol outn.aing 1uwest

phosphorus contents in the steel, the TT-Kaldo vessel is operuied
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neceording to the two-slag eystem. The changing of the operation
from LD to Kaldo or vice versa, can be carriedout with very little
loss of time. Another advantsge apart from the flexibility of the

proceas in addition to ibe improved metalurgicsel conditions pre-~

vailing during the course of the provess, is the fact that the

TS

heat economy in the vesoel can be contrelled by the operator to

a far extent. The possibility of adjusting the heat economy, 1.e.

the possibility of addiog more or leee acrap for cooling the process,
results in a favourable operation from the point of view of cost
btecause the operetion san be mdapted tc the particulur situation

¢f the marketl with regavd to scrap.

the pousibility of rotating tre LD-Kaldo vessel also enables the
proceseing of Thomas iron to be regulasted exactly with regérd to
carbon combustion, parviculerly during the second phase so that
sught heats with high carbon countents can be produced with the

s eatest exaciness.
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The possibility of roiating the vessel, 1.e. the fact that the
same a8 in the case of the Xaldo rotor the veoasel can be rotated
even after the completion ¢f the process. iz advaniageous for the
steel worker because by taking sppropriute meseurza while rotating
the veasel for & short time afier the completion of theblowing
process and, if necessary, by adding a certain mmount of lime,

he can achieve the damired Tinal temperature wilhout difficulty.

The possibility of mixing the slag and the steel after the

‘completion of the blowing procese improves the homogeneousness

of the bath, which is of importance for Lhe protuction of atloyed

steels and also for steels which undergd coniinuous casting.,

As.previous;y stated the LD-Kaldd:procaaa nt Marchienne was
intended to be used for the blowing of Thowas iroen at the time
when the first such plast was being planned. The operation of
‘it plant, however, soon shcwed thet the advantege held by

this process, which resulted from the design permitting rotation

of the LD-Kaldo vessel, might also bhecome of interest for the

. ——— A - -
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one-nlag LD~process in the fuluire.

The work on an industrial scsle showed %hat Thomas iron can be
hlown aleo with one s8lag if in the case »f moft steele, final

phosphorus contente of 0,020 ~ 0,022 % are required.

Owing to the fact that in the LD-Kalde procesa the slag can be

treated helter in the vessel after the blowing, for example by

better stiffening up the wvlag, it is eesier to hit the desired

valﬁes of the analysis in this process. By excluding subsegquent
reactions in the ladle, mangancse lossas or undesirable re-

phoephorization cen be avoided.

Thoimas steel grades which nowadays are very hard or even im-
poualdle to sell becausz of their high phosphorue and nitrogen
conteats, can be produced with one slag in the LD-~Kaldo vessel

aimply and cheaply with lower phosphorus and nltrogen contents.

The LI-Kaldo procees is operated without lime dvst, acreened lime

in grain sizes from 15 to 25 mm is used ue elag-foruwing material.
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In comparison with the lime-dust process this may be regarded as

an advantage.

The life of the vessel lirning in this process ie good. On an

average, 400 heats have already been achieved.

Steel workers still hold widely differing opinions regarding

the LD-Kaldo process today. Some ssy that for the blowing of
?homea iron, the LD-Kaldo process should be preferred to the
simplé Kaldo process, while others say that for working Thomas
iron you need neither the Kaldo nor the new LD-Kaldo process,
since all requirements with regard to performance and quality
can be met by the LD~AC lime-dust process. There are still others
who say that, since the vessel size for the LD-Kaldo veseel ie
limited, they could imaglnc & large eteel ﬂlant on LD-AC or on
LD basis having an additional 40-80-ton Kaldc plant for the

production of special and alloyed eteels.

It is also the opinion of this group of people that all special

steel plants where nowadays high-quality steel 1s produced dy the
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LD-procesns, should produce these steels by the Lh~-Kaldo process.

It 1s still too early to say definitely whether the use of the
1D-Kaldo process for blowing basic pig iron with a low phosphorus
content would be & good idea since no test results are aveilable

yot.

I hope that my report has given you pufficient information
about the modern oxygen-steel-making processes and thank you

very much for your kind sttention.
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