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REVIEW ON LADLE METALLURGY IN STEELMAKING
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Treatment of steel in the ladle as a measure of supplementing
melting shop metallurgy has had a long tradition. With the need
for economical production of higher-strength steel, and with

the requirement to rationalize and ensure a safe operation,

an accelerated structural change began in the steel industry
approzimately 20 years ago, as a result of which ladle
metallurgy emerged as an independent process step with the
following new tasks: »

Removal of unwanted accompanying elemente from hot

metal and steel heats to the largest possible extent,
homogenization of temperature and concentration, precise
chemistry control, inclusion control, improvement of the
fluidity of steel heats, process optimization, and the
improvement of productivity in ironmaking and steelmaking
operations. )

Injection, stirring and dipping of reagents into the metal
bath are process technology elements of ladle metallurgy
that are used for treatment of hot metal heats, whereas
stirring, injection of gaseous and solid reagents, and
application of vacuum are used for treatment of steel
heats.

TREATMENT OF HOT METAL

For the production of high-grade steels and for an alleviated
operation of the blast furnace and steelmaking shops, hot
metal is desulphurized in the transport vessels by additions
of soda ash, caleium carbide, magnesium, or lime. Lowering
the percentage of silicon, nitrogen, and phosphorus in hot
metal is possible by means of alkali and oxygen carriers.

TREATMENT OF STEEL
Stirring
Stirring systems are used, with inert gases being injected
into the steel bath through one or several porous bottom
bricke or through an injection lance,

Objective: improved homogeneity of chemiétry and

temperature, improved cleanliness, precise percentages of
alloying elements and sulphur removal by means of active slags.

Injection treatment

A large extent of oxygen and sulphur removal, and the elimina-

. tion of harmful inclusions, can be achieved in deoxidized

heats through injection of caleium based reagents. The
injection is done by blowing, spooling-in of coated Ca
‘composite wire, or shooting. For the blowing process,
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magnesium and slag mizxtures are used in additton to Ca-
earriers,

) Improvements achieved: oxygen and sulphur percentages ocan
be reduced down to the detection limit,

Digpersed particles, detrimental to quality of steel
can be converted into globular inclusion types making it
pogsible to obtain improved toughness properties and a high
degree of isotropy. Improved fluidity of the steel which
enables the casting of billets from aluminium-killed heats
on continuous casting machines., Increased productivity of the
steelmaking shop ie, due to the shifting of metallurgical
reactions into the ladle.

Vacuum treatment

Treatment of steel by application of vacuum was originally
developed for reducing the hydrogen content. This method
enables the attainment of exact percentages of alloying
elements, and the homogenization and cleaning of the heat.
Systems for degassing partial quantities of steel, stream
degassing and ladle degassing have assumed great practical
importance. For the addition of larger quantities of alloying
elements, and for instance for desulphurization, facilities

with additional electrical heating systems have proved

of value.

During the vacuum treatment, dissolved oxygen i8 removed

without residues because CO is formed,

Oxide ineclusions are

largely reduced, and favourable conditions are created
for the separation of non-metallic phases.

The pressure dependence of the decarburization reaction
makes it possible to decarburize steel heats with addition

of oxygen, if necessary.

This possibility is used for the

prqduction of low-ecarbon and/or high chromium stainless,
acid-resisting, and heat-resisting steels.

INTRODUCTION

Treating steel in a ladle is as old as
the use of ladles in steelmaking, Ladle
‘treatments of hot metal and liquid
steel, for instance for the purpose of
desulphurization, deoxidation, and .
alloying, have been common practice .at
all times; also as early as that, steel
heats were treated in the ladle to
improve the cleanness by way of using
Premelted slags along the lines of the
'Perrin process'. Thus, as a supple-
mentary measure in metallurgy, ladle
treatments have had a long tradition,

As the structure of the steel indus-

try changed about 20 years ago, with
requirements for more economic produc-
tion of higher-strength steels for new
applications and with its necessity for
rationalization and more reliable
handling of all production operations,
additional tasks arose for treating the
heats outside the melting shop, which
could no longer be solved in the pre-

"metal

vious, relatively simple mode of opera-
tion based on rough estimates. Produc-
tion of new steel grades with improved
properties presupposed thorough, removal
of disturbing elements from the steel. With a
view to ndling the orders reliably and
warranting the fulfilment of specifica=
tions, among other things for continuous
casting, it.-became necessary to meet ",
enhanced- expectations with respect to
the homogeneity of concentrations and
temperature; and the necessity of
improving environmental conditions-
entailed the need for new, fully
mechanized and precisely operating proe .
cess stages, :

Today, in modern steelmakin
facilities, various kinds. of ladle-
metallurgical process stages are in
operation, For the treatment of hot
there are -such technological
elements as injection, stirring, or the
dipping of reagents into the metal bath;
for treatment of stzel heats, use is
made of stirring, injection of solids,
and vacuum. :
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Today, the possibilities of ladle
metallurgy are by fer not exhausted yet.
Many questions are still unanswered
. and at many places, JZnvestigations are

being made: at preésent with a view to
its further refinement and improved
utilization. S

In the following. sections a des-

ériptibn is given of the possibilities 3

of ladle metallurgy in making hot metal
and steel with examples of their imple~
mentation in modern steelmaking.

. HOT METAL TREATMENT

Treating hot metal in the ladle today
is done for ‘the purpose of desulphuriza-
tion and, consequently, for a reduction
in sulphur input when making. the steel,
Improvements obtainable in the steel

by way of reducing its sulphur percen-
tage are reflected in the properties _
and the 'surface quality of the metal (1).
Therefore, in many steel mills,

even for plain -carbon steel production,
use is being made today of hot metal
with no more than 0,020% sulphur, In
particular, it has been the increase in
- continuous casting for making plain
carbon steel that has made a further
reduction in sulphur necessary. To
warrant a good surface quality and to
prevent internal cracks from occurring
in continuous-casting slabs, obtaining
less than 0.0207% sulphur in the steel
was found to be necessary and less than
0,015% sulphur desirable, For making

" .steels with particular property
requirements, reliably achieving less
than 0.03% -sulphur in the hot metal is
causing no difficulties if modern
desulphurization processes are used.

' Agart.from a qualitative improvement of
.the. steel product, external hot metal
desulphurization may constitute a

relief for the melting shop permitting

a more favourable ‘mode of operation with
less basic slag (figs. 1 and 2). 1In the -
blast furnacel-%4), this allows the use
of fuels (coke and oil) with higher
sulphur content and achieving lower
silicon percentages in the hot metal
which permits the coke rate to be
reduced and the performance to be
increased, : :

For steelmakingl,2) the use of hot
metal with reduced silicon and sulphur
percentages leads to a mode of operation
with less slag and lower basicity
resulting in improved iron yield and
lining 1life,
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Fig.1 Blast Furnace Operation in
Combination with External
Desulphurisation

For hot metal desulphurization, use
is still being made today of the
conventional method of addition of soda
ash during refilling the hot metal as
well as injection, stirring, and dippin

of desulphurizing ‘agents (fig.3). ;

The conventional method of desul-
phurization by way of adding soda ash
is simple to perform if used to a limi-
ted extent. Apart from reducing the per-
centage of sulghug,D silicon, nitrogen,
and phosphorus”,b) are also lowered.
However, it presents major deficiencies
with respect:to reliably obtaining low
sulphur percentages. Besides, the ;
soda ash reaction entails. substantial
losses of physical and chemical heat in
the hot metal. Also when treating
large amounts of hot metal, particular
care must be taken to ensure removal of
alkaline dusts and sludges for environ-
mental protection, It is for this
reason that the conventional soda ash
process does not fit into the realm of"
modern ladle metallurgy. i
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7)
table I: METHODS FOR THE DESULPHURISATION OF PIG IRON
consumg:.loh
kg/ .
- from from from treatment tempera-
Group locality 0,100 | 0,040 |0,030 |time ture
process of desulphurising to to o side times |loss
RrRatasn. agent 0,02%s | 0,010%s | 0,005%S min o¢
teeming
stream
mixing processes
sodaash desulphurisation ladle
(Bliﬂ; i e soda 8toll 8 8 i 11 10 to 15
mixer/ladle to ca. /| ca. nappli- | o
mixer/ladle/ Jiiguid siage] ca. 8 cable 10 to 15
I ladle ca. 6 ca. 10 25 to 35
mechanical mixi:
processes ‘
solid stirrer B.F. runner Ca0o (powdered 3to5
lime) CaCy
hot metal ladle CaCy 10 to-20 ca. 20
hollow stirrer hot metal ladle Soda/lime (ca. 1:10) 1,5 s0du
KR (Japan) hot metal ladle .[ CaO (CaC,) ca. 3 |ca. 5
pneumatic mixing ’
processes
immerged lance
Europe, Japan torpedo car or CaC,+(Carbonate) 3to6 .| 2,53 | 2,5t04 6 to30 'S to 10
charging ladle i
su torpedo car or Mg and Mg + (Ca0) 0,7t01p | 0,801}
open ladle
plunging process hot metal ladle magnesium-coke 7 %
{Magcoke) (ca. 45% Mg) 0,710 | 08t)2 Bto0mM| 5 to 1l
according to: Q50 % S/ in hot meral
% - QOI8. % S in steel - 0
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Fig.2 Influence of the Sulphur

Content of Hot Metal on the
BOS-Process Parametersls?

Substantial practical significance
can be found in the injection, stirring,
and dipping methodsl) of hot metal
desulphurization when usin e?lcium, -
magnesium and lime (table %) . At
present, using facilities of this kind
is common practice in a modern steel
mill., To provide the steelmaking shop
uninterruptedly with low-sulphur hot
metal, use is made of such injection ?
facilities as are shown schematically in
fig.4, or of stirring facilities., To
make steel for particular requirements,

Steelmaking

Fig.3 External Desulphuriqatiop of

Hot Metal




- Hot Metal Desulphurisation

Fig.4
(Diagrammatie Outline)

N

sulphur percentages in the hot metal .
as low as £0,0037 are often obtained
by additional injection or stirring
treatments. Preferentially for batch-
type supply of low-sulphur hot metal
to the steelmaking shop, use is mostly
made of methods employing hollow or
solid-body stirrers or a plunging bell,
using Mg-impregnated coke or similar
materials,

A decision as to what method is to
be preferred depends not only on the
technical requirements but also on the
availability and prices of the
required desulphurizing agents at
different places throughout the world.
Present activities to %urther develop
these methods are essentially aiming at
obtaining more efficient desulphurizing
agents,

Recently studies have been made
in Japan8-1l) to demonstrate the
possibility of "'slag-free'" refining of
dephosphorized hot metal, It is well

knownlZ., that a substantial reduc-
tion in phosphorus can be obtained under
oxidizing conditions, for instance by
way of treating the hot metal with

soda ash or with similarly active slag
mixtures on an alkaline basis from
approx. 20kg/ton, or on the basis of
alkaline earths (fig.5). However, the
latter case requires much higher
specific rates, Since such a hot metal
is also largely exempt from silicon and
sulphur, slag reactions in the converter
are then no longer required or only to

a limited extent, provided the remaining
charging_materiais-are exempt from
contaminations as well, Such a refining
operation which is meant for decarburi-
zation alone could become increasingly
important for steelmaking in various
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respects, for instance to improve the
yield, to reduce the slag volume and to
improve the steel quality through lower
phosphorus, sulphur and nitrogen ’
percentages, However, a lot of ques-
tions remain to be answered before
industrial maturity of such mode of
operation is reached, such as the wear
of refractories in the dephosphorizing
vessel and the converter. And last

but not the least, a practicablé and
economic solution must be found to the
problem of preparation of a synthetic
slag for recycling,

TREATMENT OF STEEL HEATS

Steel heats are subjected to post-treat-
ment in order to reach desired chemical
composition, inclusion morphology, and
temperature of ‘the steel bath which will
ensure ultimately properties of the
desired grade of steel., This permits
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steels to be produced today on a large
scale production of which sc far has
been considered possible only at great
expenses in the melting vessel, or not
at all. Substituting the ladle for the
melting vessel for metallurgical
treatment means an increase in capacity
of the melting vessel. The technologie
cal elements, such as the stirring
treatment, the injection of gases and
solids, and the evacuation are illus-

trated by the model reactorl® shown in
fig.6. The metallurgical results
obtainable in this way are decisively
governed by such thermodynamical limi-
ting conditions as the impact produced
by addition of solids through a perma=-
nent or transitoric phase contact, the
structure and the composition of the
slag and gaseous phases, and the refrac-
tory lining of the ladle, Examples of
a practical solution for the use of
these technological elements are shown
in fig.7.

Stirring Treatment

Stirring a steel heat is the simplest
kind of steel post=treatment in the
ladle., It is aiming primarily at’

1 Gas stirring

porous lunce
brick

circulolion process lillig process

Fig.7. Processcs for Pogt-Treatment of
Steel

homogenising the temperature and compo=
sition.of the heat, which is a pre-
requisite for smooth operation, especia-
1ly for continuous casting, . Various
stirring systems are in use today.
Widespread use has been reported of one
or several porous bottom bricks in the
ladle bottom or wall, through which
inert gases - argon or nitrogen - are
introduced into the heat, Stirring
by means of an injection lance is also
widespread and frequently preferred ﬁgr

reasons of safety.

Attainment of the required tempe-
rature is achieved by way of cooling
the heat during stirring and reinforced
by way of adding cooling scrap. Pre=«
cise control of the required analysis =
micro-alloying, among other things - is
achieved by way of adding alloying
elements into the flushing spot. The
concentration margins. that.can be
complied with:by way of stirring are
shown in table 2,

Reports from Japanl5) mention
modified processes and the potential
reduction in.concentration margins, for
instance those of aluminium (fig.8).
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50-MM plate made of a Conven- .
_tionally Molten Steel (Long
Linesg), and B) A Plate Made
%, of a Steel Treated According
S to the TN Prggess (Globular
Inelusions)l

cause anisotropy of the steel, parti-
cularly in flat-rolled products, In
the case of calcium treatment, these
types of inclusions turn into calcium
aluminates which coagulate and precipi-
tate well, with a low melting point and
a complex structure. In this way, the
steel becomes not only cleaner but the

‘remaining inclusions become less

dangerous because they are globular
and non~-deformable at rolling tempe-
ratures,
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Fig.10 Relation Between the Sulphur
Content and the Mean Values of
Reduction of Area of Tensile
Test Specimens §7Through-Thiak-
ness Directionl :

. Evidence of the importance. of this
statement is furnished in fig.10 where
figures on the striction at fracture .
in the through-thickness direction, as
a function of the sulphur percentage in
heats after hot metal desulphurization
and in steel heats after calcium
treatment, are compared with each other,

‘595

This comparisonl7) shows that a
reduction to lower sulphur percentages
alone is not sufficient to obtain
maximum striction figures, It is more
important and necessary to reduce the
dependence of the mechanical properties
upon the orientation by way of changing
the shape of the inclusion,

Apart from calcium which tends to

“~ change the morphology of oxide and

sulphide phases, there are elements
which cause the shape of sulphides to
change in the steel heat in the pre-
sence of small concentrations, These
include titanium, zirconium, rare-
earths and tellurium, Using these
elements is often diffiecult, but it
can bring improvements wherever the
quality of steel is impaired as a
result of an anisotropy of the proper-
ties caused by sulphides. Since tge
various elements differ from each other
with respect to their impact on the
sulghide shape and the effect on the
mechanical properties, their use must
be adapted to the steel properties

desired.

As a result of an increase in
steels with particular toughness
requirements various processes and
injection systems have been developed
in recent years for adding alloying
elements, in particular those based on
calcium as well as on magnesium and
active slags.

Powder Injection

Widespread and manifold use has been
noted for the injection prqcesses, for
which the scheme of a TN-type facility
is shown in fig.ll., In the TN-pro-
cess18- which has been in operation
for more than 10 years worldwide, and

in similar follow-up developments2l) in
various countries throughout the world,
powdered substances of the kind shown in
table 322) are injected into the deoxidi-
zed heat by means of a ceramic lance .
using a stream of inert gas, st

The reaction of the injected ele-
ments is extremely efficient as a result
of the transitoric phase contact and the

. permanent phase contact with the baé%g)

top slag of the liquid bath (fig.12)

The sulphur and oxygen percentages
attainable within aifew minutes are
within a range of only a few ppm;
however, for the performance in acid
and basic ladles they differ from each
other. Therefore, for' steéls with
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,ﬁable II: ADJUSTABLE LIMITS IN CHEMICAL COMPOSITION OF GAS STIRRED

HEATS IN % (LADLE SAMPLING, 95 % SIGNIFICANCE)
L~content
in ¥ < 0,20 0,21-0,40 0,41-0,70 0,71-1,20
c + 0,03 + 0,03 + 0,03 "+ 0,04
Mloy
tent
g < 0,20 0,21-0,60 0,61-1,20 1,21-2,50 2,51-12,0
si - + 0,08 + 0,10 + 0,13 -
£ Mo = + 0,07 + 0,08 + 0,13 + 0,5
Ccr + 0,04 + 0,07 + 0,08 + 0,13 + 0,25
Mo + 0,03 + 0,04 + 0,08 + 0,10 -
Ni - + 0,05 + 0,08 + 0,13 + 0,15
v + 0,03 + 0,05 - = -
CAS (SAB) 2 | Al bullet shooterd) | Wire feeder &)
Al bullet 199s
shooter wire feeder w
998 qig = '
Sk El% ﬁ —
bullet wire B
14
0
o
o
Q
H
~gas ~—gas
porous plug
(Alltotal (Allsol [Allsol [Alltotal
in tundish in product in mold in tundish
0 o 0 0 gl?l 0 glJ?l
c* 0. 063\ 0. 011\ C* 0.0175% C* 0,047% 0,011% c* 0. ‘
N* 0.063% 0.009% | &* 0.0057% N* 0.043% 0.008% N* 0.040% 0.0086%

C*;Conventional ,N*;New practice,

Modified Argon Stirring Processes for Low Carbon Aluminum Xilled Steela

Fig.8

Stirring treatment removes non-
metallic phases, thus improving the
cleanliness of the steel, Besides,
minor reductions in hydrogen concen-
trations are observed, If reactive
slags are added during stirring, for
instance mixtures of lime and fluor-
spar, eapeciall{ while using basic
linings in the ladles, *a reduction in
sulphur can be achievedl6),

Injection Treatment

Sulphur which highly adversely affects .
the properties and the surface quality
of steel products as a result of the
kind of inclusions it forms, can be
removed only to a limited extent by
simple stirring in the ladle., For
substantial desulphurisation of steel
heats, which presupposes a low oxygen
potential of the metal/slag system,
pertinent steps must be taken to reduce

‘R: average, ‘0: standard deviatioa.

18)

or to remove the oxygen, Such,a step is
also mandatory to improve the oxidic
cleanness, Tzerefore processes_are
being used today that’are capable of
reducing both sulphur and oxygen to.

the very limit of their detectability
in basic lined ladles. Substances that
have given excellent results in such
treatments were found tec be, above all,
calcium-bearing alloys, The clear-cut
improvements in toughness, obtainable
in this way, such as elongation,
striction, and impact strength, are
attributable to an improvement in
sulphide and oxide cleanness and to the
transformation of quality-impairing
oxide and sulphide phases into less
dangerous types-of inclusions.

Fig.917) shows such quality-im-
pairing lines of inclusions in conven- .
tional steel, made up of manganese
sulphides and alumino.silicates, which:
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Table ‘IIT: DESULPHURISATION AGENTS
FOR POWDER INJECTIONZZ)

TN-Process

B g | O o e

deiphurnaton agent e pouton ':,r for veli-.m
y g/t
sita 8275, APLA (R7cal| 2-45 | 187
Colowm cordde | 3% Cay. 15 %Co0 (0% cal| 1-3 5T
Xakuwm cyoramde | SS%.Ca0h, %00, 2%C (28%Col| Q41 | (622
" OWGR,)  [S-20%Mg 1-3 u
. CabfCohy 07020, 0% Cay 1-5 )
Co0-N,0y 0% 00.50% ALy 0y 1-$ ¢
Ca0-M0y-CoFy | 0% Co0.20% AL, 0, D% CaF; 1-5 )
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high property requirements, basic ladles
should be used, if possible,

The treatment lasts for about
10 minutes. Depending on the amount of
‘additions and the ladle condition, a
temperature loss of approx, 35°C must
be anticipated during the treatment.
The hydrogen percentages tend to rise;
therefore, care shauld be taken to see
that dry materials are used, For steel
grades susceptible to hydrogen effects
this should be followed by vacuum
- treatment,

Injection processes have given
excellent results in making high-
strength structural-steel plate grades,
forging grades, and wire grades. For
tube steels, it is the improved direc-
tional toughness 2§haviour at low tempe-
ratures (fig.13)24) and the increasing
resistance against hydrogen induced
cracking (HIC) that are of great practi-
cal significance for the off-shore
drilling application and pipeline
construction, .

. The injection of solids has found
widespread use in recent years, more
than any other used in ladle metallurgy.
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s |t

>
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-8 -40 £0 0 80 20

Fig.13 :
.Sulhide Shape Control on the

Charpy V-Notech Energy of & ana

10 MM Thick = 52 Hot Strip24)
Apart from improving the quality of

flat rolled products, it is being used

today for nearly the entire product
range. In particular the surface
quality (fig.14)25)  can be improved.
The relatively simple way of
operating the facility as well as the
high attainable degree of cleanness
and the good fluidigy of the steel
produced (fig.15)26) make it possible
today for any producer of plain carbon

Influence of Sulphur Content and
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0 ’ steels to include in their product mix
even such highgrade steels as used to
ik be made previously in electric arc fur-
naces only, Electric steelmaking shops
. v prefer these methods, in particular
U 2 for expanding the capacity of the
w 7 melting shop and for stepping up
g e Z continuous casting,
L Recent developments in injection
- . ' metallurgy have shown that the improved
/ fluidity of ladle-treated steels open
ol % up new possibilities, in particular
& Cortiumser for making high-grade steels through
; continuous billet casting. So far,
Fig.l14 Defects on the Surface of continuous billet casting was predomi-
Fine-Ground Plates?$) nantly used for making Mn/Si-deoxidized
3
3 | | |
non-injected
f @ tump.1885%C
8 e

6 — o) injected Ea
e o / Temp. 1670 °C ;
0 /

4 — e

2 - o g

’ l l 1

. i 1stset-up 2nd setup 3rd set-up Bottom pouring
Fig.15 Comparison of Ingot Teeming Times, for SiCa Treated Heats and Untreated HeatsZ26’

Fig.16 TN-Process and Continuous Billdt Casting




" ladle - permits the capacit

basic grades, Aluminium-killed steels
caused the tundish nozzles to be
plugged as a result of alumina precipi-
tations having a high melting point,
Necessary aluminium additions to pre-
vent the formation of pinholes could,
at best, be made by feeding aluminium
wire into the continuous casting
mould, However, the quality improve-
ment obtainable in this way is only a
limited one because of the irregular
aluminium distribution in the billet.
Evidence has now been furnished, show-
ing that the disturbing alumina
precipitations of aluminium-deoxidized
heat's can be grevented by way of injec-
ting calcium-bearing alloys, and that
grades can be

aluminium-kille 558?1
smoothly poured 7, , regardless of the
Fig.16 shows the

carbon percentage.
process route from the electric furnace
to' the TN facility and the continuous
billet" caster in the new electric
steelmaking shop at Thyssen Niederrhein
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AG with its two 120-ton UHP electric arc -

furnaces (80 MVA each) and a 6-strand
continuous caster where both Mn/Si-
killed and aluminium-killed high-grade
steels are made without any trouble
during pouring.

In conjunction with steelmaking in
electric furnaces, -injection methods
offer further economic advantages as
against the conventional single-step
electric furnace operation, Adopting
the double-stage mode of operation -
namely performing the deoxidation,
desulphurization, and alloying in the
to be

increased by more than 30%3 In the

case of the double-stage mode of
operation, the electric capacity of the
furnace is fully available for melting
scrap and the necessary refining. The
difficult tasks of deoxidation and
desulphurization in the electric furnace
~vessel which is unfavourable for such
metallurgy work is moved into the ladle
where ideal conditions are encountered
for an exchange of the substance through
the process of injection. Work done at
present to further develop the injection
method is now concentrating on studies
to control the formation of inclusions
through the injection of specific kinds
of elements and the sequence thereof, -
with a view to applying them to other’
steel grades. ‘

Fig. 17 shows how to minimize
negative aspects of the process, for
instance nitrogenizing the heat "in case
of injection o% CaSi, Adding powdered
slag causes the nitrogenizing effect to
be negligible23),

100 -
Final sulphur: = 0003 %
90
g o CaS £ o
£
- 78
5 ;a
=
S 60 :
=
§’* ’/// ]
2t . "
=
) —=8TCaSi/slag mixture
30 i
20
a z b 6 8 10 12 14
Blowing time in min
Fig.17 DNitrogen Pick up During

Injection of Desulphurieing
Agents fnto a 120 T Dolomite
Ladle?3 5

Wire Injection

Based on success achievable by means
of calcium additions to improve the
properties of the steel, injection

methods have been developed in Japan in

recent years to introduce calcium-
bearing elements by way of bullet-
shooting and calcium compound wires by
way of feeding, Both the bullet-shoot-
ing and the wire feeding methods are
modifications of the industrially proven
method of adding-:aluminium (fig.8).

With the Eﬁllet-shooting‘method -
SCAT-Process32)- CaSi contained in an
aluminium capsule is shot deep into the
ladle by means of high-pressure gas; to
provide good distribution, the heat is
simultaneously stirred with argon,

. - =/ 133-35)
With the wire feeding method
specially designed, sheathed calcium
compound wires can be introduced
continuously into the ladle, the centre
riser or the tundish during continuous
casting by means of a feeding machine.

The feeding rate can be varied from
0.05 to 5.1 m/s by means of a regulating
mechanism, For big tonnages, it is

recommended to reel in 2 or more wires,

"Calcium compound wires are available

today in thicknesses up to 1l mm. They



consist of an independent internal body
made up of calcium and aluminium,
surrounded by sheet metal sheathings
0.2 mm in thickness. Apart from this,
filling wires are also used with fine-
grained CaSi, During the injection
into the ladle, inert gases are again
used for stirring with a view to obtain
thorough mixing.

The SCAT and the feeding methods
essentially aim at improving the
quality by way of changing the morpho-
logy of oxide inclusions in the steel.
Since compound wires are usually =
relatively expensive, for low-sulphur
steels, other desulphurising methods
should be used to attain low-sulphur
in steel. As in the case of the powder
injection methods, a ladle should be
used with basic lining, and a top slag
should be provided to-pick up the
reaction products, if possible. The
possibility of improving the quality of
steel products even with small amounts
of calcium by way of feeding compound
wires into the tundish or the centre
riser, has caused the feeding method
to find widespread use. In this case,
the desulphurization is usually perform-
ed by way of desulphurizing the hot
metal or by providing a slag treatment
in the teeming ladle. Therefore, when
looking for the most economic method,
both the objective and the entire
process route must be considered here,
Last but not the least, due considera-
tion must be given to the fact that,
in spite of the ease of performance,
the prices of the wires are relatively,
high ard the use of the same is -economi-
cally justifiable only if the propertles
desired are obtainable with minimum
additions of calcium,

. Use of Vacuum

Hydrogen as the cause of quality-im-
pairing flakes in the steel products
gave rise to the development of degass-
ing methods. Degassing of the teeming
jet adopted as early as in the 1950s

by Bochumer Verein permitted for the
first time to reduce the hydrogen
percentage in industrial heats to
approx. £ 2 ppm, i.e. the limit beyond °
which there is a risk of flake formation,
using a vacuum chamber with pressures

up to 1,3 mbar, For making such steel
grades susceptible to flaking, for
instance forgings, plates, rails, and
steel castings, this has made possible
to eliminate completely or partially
such process steps as are expensive and
hard to control, i.e., cooling on hot
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beds or diffusion annealing in the
forging and rolling shops,

Today, vacuum facilitiés of
different designs are gfandard equipment
in modern steel mills3%), As modern
ladle metallurgy advanced, additional
tasks have been added to the original
ones of hydrogen reduction., These
encompass such steps as vacuum deoxida-
tion, extreme decarburization, homogeni-
zation, slag treatment, and alloying.

Nowadays, vacuum-methods are fre-
quently used for deoxidation or extreme
decarburization, which is possible by
way of CO formation since the decarburi-
zation reaction is a function of
pressure, The improvement obtainable in
oxide cleanness is established in the
removal of soluble oxygen without . .
residues, in complete reduction of oxide
inclusions, and in favourable conditions
for the precipitation of non-metallic
phases. Here, decarburization of steel
heats can go to as little as 0.001% C,
with the addition of oxygen-bearing
elements or pure oxygen, if necessary.

For practical steelmaking, the jet
or stream degassing methods continue to
be of particular importance, in parti-
cular the ladle degassing method and
the vacuum degassing methods for partial
qualities, as shown in fig,18,

During stream degassing, the
pouring jet is torn apart in vacuum,
thus creating large reaction surface
that permits degassification to extreme-
ly low percentages, This method is
of great importance for casting big
forgings. ‘

Slag treatment is possible during
stream degassing when using a second
ladle. It was along the lines of the
method shown schematically in fig.19 °
that the first powder injection .treat-
ments were performed in 1969 on indus+
trial heats for making plates with
particular toughness requirements22),
Using two ladles permits complete
retention of high-oxide furnace slags
in the tapping ladle, thus creating
optimum conditions for thorough deoxida-
tion and desulphurization during the
ensuring injection treatment in the
teeming ladle.

Ladle degassing facilities have
found widespread use in particular for
treating small and medium tonnages
(fig.20). 'The steel ladle which is
placed into a vacuum chamber must be
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Vacuum treatment

J'_-__
3
stream degassing ladie degassing electric arc heating degassing of partial quantities
" | combined with gos stirring
% ‘ under vacuum

Fig.18 Technological Solution for Post-Treatment of Steel

€—Fig.19 Arrangement for Vaeuum

.| Degassing and Injeection of
Powdered Materiale at Thyssen
Niederrhein2?
= -:—;“:’Al-" '~
lst step 2nd step
A ' B ¢

L BE ) BE

Fig.20 A) Ladle Degassing with Inert Gas(S?irring)
o B) VAD Process (Vacuum Are) Degassing
C) VOD Process (Vaccum Oxygen Decarburisattion)
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flughed intensively with argon to sulphur percentages to be obtained and
" support the degassing reaction. Com- temperatures losses to be compensated
bined with the injection metallurgy, for by way of deoxidizing and desulphuri.
this method has become particularly zing slag treatment,
important for electric steelmaking. ,
In this case, the crude steel made in With regard to the necessary eiuip--
the electric furnace is subjected to ments for getting low oxygen and sulphur’
an injection treatment in the ladle and steels the injection grocesses‘are_lnll
then to ladle stand degassing with a expensive, On the other hand, injec=
view to reducing the hydrogen content. tions don't allow hydrogen reduction in
The quality of the steels made in this the same step, but inclusion control
way meets maximum requirements and - leads to further improvements. A deci-
compares favourably with the steel made sion on process route to be preferred, -
along the lines of the electric-slag in the ultimate analysis, depends on
remelting process (fig.21)28), the technical requirements and cost of
= steel production,
" _— Another field of application of
— m adle metallurgy is present day manu-
_ﬁ'ﬂ,ﬁ;”_gﬂ: M as - s facture of low-carbon, high-chromium,
B e ov corrosion-resistant, acid-resistant or
> ét——‘ high~-temperature steels, When refining
N under vacuum, for instance along

the lines of the VOD method - Vacuum-
pxygen-Decarburisation®(£fig.20) af the
usual melting temperature of 17009C, the

|Frequ -Incy %)
3

10 Y required carbon percentages of less than
‘5 0.03% are obtained without causing
2 any major ghromium sla%ging to occur
R . (fig.22)38), 1Identical results can be
) 1 2 3 4 5 6 obtained when using oxygen for partial-
Mvaiua to Stahi-Elsen-Prafblat 1570/71  Oxide inclusion group . quantity- degassing (RHO method) and the
Fig.21 Comparison of the Frequency blowing processes (AOD and CLU process),
Distribution for Purity (M by way of 1oyer;ng the partial pressure
Value=Mean Maximum Inclusion of oxygen using oxygen/inert-gas
Siae) of Various Steel) mixtures. _
Production Processes?®
Partial-quantity methods have found
For vacuum treatment, due notice widespread use in' BOF steelmaking shops
must be taken of a temperature loss of great .capacity and big heat units of
vesulting from addition of large up to 400 tons, " With more- than 140
amounts of alloying elements and the installations, these methods represent
performance of the injection and slag "by far the biggest treatment capacity
treatments, which usually can be compen- of all wacuum processes,

sated for by increasing the tapping
temperatures accordingly. Wherever this
is not possible, for instance as a
result of insufficiently rated electric
furnace capacity, or inferior brick
quality of the refractory lining or
difficulties in obtaining low phosphorus
percentages, additional electric arc
ladle heating can help to solve the
problems, Heating by ladle furnace as

a separate step besides the vacuum

//
treatment, for instance ASEA-SKF-process .’ . ‘ -
as well aé combined heating and vacuum ) ’,,’r"’—

0.3 'Y
0,30 ‘ jzjiﬂﬂ)\\

=}
~
w

1N

e
il

cerbon.conlent in %

deﬁassing—VAD-process, is today in 0.05 = —Qlatm —
widespread use. .

Processes like VAD-Vacuum-Arc- 5 10 15 0 L
Degassing (fig.20) permits the conduct chromum conieat-ln% - '
of the hedt under vacuum up to several . Fig.22 Dependence of the Chromium=-
hours, depending on the requirements, Carbon-Equilibriun frem Carbon
This allows to get very low oxygen and Monozide Pressure (1703°¢)38)




\
'Fig.23 RH Circulation Process

It was in the 1950s that the DH
method was developed by the Dortmund-
Horde divisicn of Hoesch-Hitteénwerke AG,
and the RH method as a joint venture of
Ruhrstahl and Heraeus in the shops of
Thyssen Henrichshutte AG. Today RH .
stands for: refining process Henrichshii-
tte. When applying these processes,
part of the steel heat is exposed to
particularly low pressure.
method, the partial quantity is dis-
continuously exposed to the vacuum by
way of lifting and lowering of the
vacuum vessel; with the RH method using
argon as a carrier gas, the steel
circulates uninterruptedly through the
‘vacuum chamber; fig.23,

The methods are characterized by
circulating rates of 25 to 125 tons/min,,
depending on the weight to be treated.
The vacuum vessels which are lined with
magnesite-chromium bricks specifically
designed for this purpose are brought
up to 1500-16000C by means of graphite
bar resistance heating to keep the
temperature loss as low as possible
during the treatment., Favourable )
conditions for kinetics of the reaction
are ensured by the low pressure, the
turbulence, and the big reaction surface
- of the steel, particularly when using
carrier gas, so that short process
times of 10 to 20 minutes are sufficient
to obtain the desired results reliably.
Alloying elements are fed into the steel
under vacuum from automatically con-
trolled bins and weighing equipments.
This permits rapid.dissolution and
homogenization, with no disturbing
effect being exerted by the slag.

With the DH
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Apart from using these vacuum
methods to remove ‘hydrogen, to determine
the steel composition and to improve
the cleanliness, the following tasks
can be fulfilled:

1, Extreme alloying, for instance
carbon up to 0.7%, Mn up to 1.2%
and Si up to 3%.

2 Aluminium-free de-oxidation for
making wire grades and forging
steels in big ingots.

"RH-light treatment"” for handling
Strand-cast, aluminium-killed
steels in deep-drawing or tin
plate sheet grades.

RH-0B or RHO treatment for
refining stainless steels under
vacuum, The oxygen is blown into
the circulating steel under vacuum
by means of lances,

The RH and the DH methods, with
the injection methods as separate steps,
are used in combination to perform the
slag treatment and the inclusion con-
trol. Tig. 2422) shows the toughness
figures for the St 36 steel sheet grade,
obtainable by way of combining the TN
and RH processes as against conventional
production, using as an example the
dependence of the determined impact
strength upon the test temperature and
the sulphur percentage. For low sulphur
percentages and up to a test temperature
of -80°C, the T/L ratio is higher than
0.9. As the sulphur percentage
increases and the test temperature
decreases, the T/L ratio is getting
smaller, i.e. the anisotropy of the
sheets increases., 'In contrast, normal .
production with 0,015 to 0.020% S at
ambient temperature presents an impact
strength on longitudinal specimens of
125 J ag? a T/L ratio of only 0.6,
Fig.2537/ shows the toughness figures
obtained from a combined use of the
TN and DH processes at Fabrique de
Fer Belgium, showing the scatter—band
of striction figures in the through-
thickness direction as a function of
the sulphur percentage in plate of the
St 52.3 and API X 60 grades,

There is considerable literature
evidence for the successful use of
vacuum installations combined with
powder injection installations. There-
fore, further details are not required
here,
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Fig.25 Reduction of Area in Through-
Thickness Direction Related to
Sulphur Content for Steels
ST 52-3 and X 6039)

The fast spreading of post-treat-
ment facilities demonstrates convin-
¢ingly that use is made of the possi-
bilities in ladle metallurgy to
improve the competitive situatiom.
Increasingly, post-treatment steps are
included in the production flow of
steel mills, The trend is to leave
with the steelmaking shop only the task
of melting and refining, possibly the
dephosphorization and overheating,

The product of this primary metallurgy
is a "crude steel" in the purest sense
of the word, with sufficiently low
carbon and phosphorus percentages,

The final attainment of correct steel
analysis conforming to the envisaged use-
deoxidation, alloying, homogenization,
and temperature control, as well as
desulphurization, inclusion control, or
degassing - is achieved in separated
steps of ladle metallurgy -which are
controlled by probe measurements to
determine the temperature, the chemical
composition of the steel bath and the
oxygen activity as i}lustrated in "
figs. 2640) and 2741} showing a combined
installation for powder injection .and
vacuum treatment. :

Finally,\mention‘will Le made of
the present use of ladle metallurgy at
Thyssen AG. :

The divisions of Thyssen AG are
located in the Rhein-Ruhr area of the
Federal Republic of Germany, - Its:crude
steel capacity is approx, 16 million
tons per year., Fig..28 is meant to
provide an idea of the use of ladle
metallurgy in these divisions:

1, The hot metal produced, i.e. approx,
1 million tons per month, is .
desulphurized to approx., 0,0187% S
by way of injecting calcium carbide
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Within the Thyssen Divisions
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4, In the steelmaking shops of the
Hattingen and Oberhausen divisions
there are efficient TN installations
for making high-grade steels with
particular requirements. In the
Oberhausen division, each hedt is
subjected to an injection treatment
for producing continuously cast

D c B A billets. In the Ruhrort divisien,
: injection facilities are bein
F v Desl
bd 2 d:;g:::?ng g‘e‘:;gﬁ;sg operated along the lines of the TN
‘ process, especially for the injec-
Ladle Electrodes tion of alloying elements also.
Porous plu Belt
Cur:lu : L P:wd:n::o:n . Vacuum facilities are in operation
9 R in the Bruckhausen division - a

‘Lance pipe
Ladle cover
Transformer

Vacuum duct ‘
Alloy storage hopper

DH installation for treating 400-
ton LD steel ,heats = and in the
Ruhrort ‘and Hattingen divisions -

SN OS]

Operating room

- Fig.27 Layout of Lgdle Refining
, Equipment4l

RH installations for treating 100 to
160-ton electric-furnace and LD
steel heats,

mixcures into the torpedo ladles
on.their way from the blast furnace 6.
to the steelmaking shop.

A combined TN/RH treatment is used
in the Hattingen division for
making plate and forging steél

2, In addition, injection or stirrer grades.

methods are used in all steelmaking
shops to further reduce the sulphur
percentage in the charging ladle,
when required, Here; depending on
the requirements for the steel
grade to be produced, percentages
of as far as <0,0027 are obtained.

The examples of application shown
here are meant to illustrate the impor-
tance of ladle metallurgy in a stee
mill, Other methods may be more
advantageous in other steel mills under
different conditions and assignments,
What is certain, however, is the fact
that today's requirements for making
high-grade steel cannot be met any more
economically without using ladle
metallurgy.

. In all-steelmaking shops, inert
gases are used for stirring the
steel in the teeming ladle for the
purpose of homogenization.




CONCLUSION

Increasing use is being made of ladle-
metallurgical processes and process
combinations for steelmaking. This
trend was triggered by an increasing
demand for improved steel products, the
necessity of low production costs, and
process steps which are compatible. with
environmental protection. It is through
desulphurization of hot metal in the
ladle that the steelmaking shop is being
provided today with charging materials
that presnet the required sulphur
percentages. This permits the blast
furnace/and the steelmaking shop to
operate more economically. In modern
steelmaking shops, depending on the
present assignments, different post-
treatment methods or combinations of
methods are being used. This allows
steels of high quality to be produced
in tonnage steel mills that used to be
made previously along the lines of
expensive methods using a reducing slag.

The demand for steels of ever
increasing strength will continue in
the future as well, The possibilities
involved in ladle metallurgy are
certainly not completely exhausted yet.
For example, the use of injection
metallurgy for making high-grade steels
for billet casters is one of the recent
progresses made, Although the technical
design of the different ladle-metallurgi-
cal processes have reached a high ]
degree of development, combinations of
methods are likely to develop still
further. The steelmaking shops will
increasingly take care of melting and
refining whereas the finishing steps
of steelmaking will be handled by a
centrally located treatment stand in
accordance with the requirements stipu-
lated by the final use of the steel,
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