LADLE METALLURGY OF STEEL FOR DESULPHURIZATION,
BETTER OXIDE PURITY AND MICRO-ALLOYING

Reinhold K.Gross
KlSckner Stahltechnik GmbH

Hamburg

General synopsis of the reasons leading to the introduction of
ladle metallurgy and a summary of literature dealing with the
use of caleium and magnesium to delusphurize steel.

Deseription of the Kldckner Stahltechnik plant concept for
ladle metallurgy, consisting of a desulphurization plant with
an injeection vessel, a container unloading system, lance
manoeuvring equipment and a specially-designed lance for up to
.' 50 treatments, as well as a ladle cover. Also the micro-alloying
plant, e.g. with three injection vessels and nine weighing bins
for alloying media such as aluminium, carbon, ferro-titanium

or ferro-boron.’

Deseription of the metallurgical results achieved at the
Kldckner-Werke AG steelworks desulphurization plant, designed
by Kldekner Stahltechnik. Emergence of the significant influence
of the ladle lining on the desulphurization process.

: As far as the mechanical characteristics of the steel are
concerned, not only the quantities of sulphides removed but also
their. type and size are of decisive influence. Tests have shown
that no more manganese sulphide inclusions are found in steels
with between 0.3 and 1.5% manganese when the sulphur content

18 lees than 0.008%.

By injection slag into the steel, it is possible to
achieve improved oxide purity as well as desulphurization.

The use of a-micro-alloying plant ean lead to considerable
improvements in the recovery rate for elements with a high
oxygen affinity such as_aluminium, carbon or titanium.

Tests carried out by the Kldckner-Werke AG showed an
improvement in the carbon recovery rate from 60-70% using the
‘conventional method, i.e. rinsing the carbon during tapping. to
95% when the carbon is injected. The recovery rate for alumintum
can also be very much improved by the injection metallurgy ",
method. In this case, rates of more than 80% can be achieved.

INRODUCTION

For over twenty years now, vital metal-
lurgical processes have been simplified
by the use.of the injection method: At
first, this treatment was carried out

in the furnace itself - before tapping.

The idea was. to desulphurize the metal
using lime/magnesium: mixtures,  for
example, as described by W.B. Brooks et

’

al (1), or to carry out preliminary
deoxidizing or alloying with carbon

(2,4).

For economic reasons, work soon .
began on developing special methods bas-
ed on the injection process which would
enable the metallurgical treatment: to
be carried out in the ladle instead of
in the furnace, thus guaranteeing maxi-
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\ Fig.1 Free-energy diagram for sulphides of metals

mum efficiency at all stages of the
process - both from a metallurgical and
an economic point of view.

- The factor which most strongly
‘influences the technical characteristics.
and the workability of steel is.the
presence of sulphur. The desulphurizat-
ion process is based on the presence of
elements with a lower standard free
energy of sulphide formation than iron.
Fig. 1 shows a section of the familiar
"Richardson diagram" (3) for sulphides,
according to which desulphurization
can best be achieved by using alkaline
earth or related compounds and alloys.

~

The use of calcium and calcium
alloys is discussed in detail by Y.-
Kataura and Oelschlidger (5).

Magnesium is generally only used
for the desulphurization of hot metal.
The World Magnesium Conference, held in
Oslo from June 23rd to June 26th. 1979, -
gave a broad view of the latest techni-
ques for using magnesium to desulphurize
hot metal and steel. H.P. Haastert (6),
W. Moore(?) and T.Lehner(8) all describ-
ed experiments using magnesium in mol-
ten steel, whereby the magnesium was
injected mixed with lime, fluorspar or
alumina, for example.




Fig.2
In the desulphfirization of hot
metal too, magnesium is usually used
in blended form, so as to reduce the
turbulence in the ladle caused by the
?v?poration of the metal (pr=1105°C).
9.

The introduction of our injection
equipment, where the solids delivery
rate is approximately 5 kg/min-at the
minimum carrier gas rate, has prompted
new experiments in injecting pure
magnesium,

"Klockner Stahltechnik, for example,
- is currently building a plant designed

to desulphurize 270 ¢t charging ladles
using magnesium, More plants are
already being planned. :

In order to enable steelworks to
carry out their own trials on the spot,
two injection vessels, one approximate-
1y af 250 t and the other approximately of
3§0 t in capacity, have been. constructed
and are available on loan (Fig.2): The
injection rate can be adjusted in

’

stages from about 5 kg to about 50 kg/
min in both vessels, depending on the
requirements of the individual customer
and the metallurgical process involved.

Gas consumption is kept to a mini-

- mum; where the injected material is of

suitable granular size, the rate is
lower than.10 Nl/kg. We hope to be able

.to report on the results of the next

experiments soon.
PLANT DESIGN FOR LADLE METALLURGY

The following illustrations will help
to give some idea of the basic prinei-
ples of our plant designs for ladle
metallurgy.

- Desulphurization of Steel

Fig. 3 shows a Klockner Stahlteechhik
ladle injection plant for steel. This
is our standard plant unit and can be:
extended to fulfil the requirements of
the individual customer. Basically, it
consists of the following components:

Injection Vessel with Container Un-
loading Device: The heart of each plant
Is the KlOckner Stahltechnik injection
vessel (item 3), which is available .

in standard sizes with Cagacities of
0.5,.0.7, 1.0, 1.5, 2.0 m°s etc. The
injection capacity is variable from 10
to 150 kg/min. The injection capacity

cannot be changed continuously during
injection, on the basis of physics.

Special Injection Lance: Apart from the
injection vessel, perhaps the most
important part of the injection plant is
the lance. (Fig.4). If this does not
function properly, .the charging process
is.-likely to be adversely affected.This:
lance was specially designed by Klockner
Werke for use with molten steel and a
patent has been applied for. It ensures
that solids are injected smoothly -and
prevents the outlet from becoming block-
ed. - It also helps prevent the steel
from splashing over the edge of the .
ladle. If fire proof materials are used
a lance of this kind has a working life
of approximately fifty melts, although
minor repairs will be necessary from
time to time. Fig.5 compares once only
lances with the type which can be used
repeatedly. The economic “advantages of
our system are clearly recognizable.

Diist Extraction Filter: The powdery
gases given oIf when the injectionm
vessel carrier releases its tension are
passed into the open via an exhaust
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air filter (item 5). The powder deposit
is returned to the injection vessel.The
filter can also be used for emptying
sacks into the injection vessel.

Lance Manoeuvring and Swivelling Mechan-
ism: The lance menoeuvring device (item
%) is designed to guide the lance and
prevent vibration during the injection
grocess. It is equipped with a swivel-
ing mechanisms so that the lance can
easily be replaced whenever necessary.

The replacement lances are kept in
a rotating holder (item 8) which is so
designed as to allow the lances to be

=3
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" passed backwards and forwards easily

and smoothly between the arm of the
lance manoeuvring device and the holder.
The holder also provides a suitable
place for minor repairs to the-fire-
proof lance sheating to be carried out.

Ladle Cover with Waste Gas Extractor
Hood: The extractor hood has been
‘specially designed to prevent infiltrat-
ed air from coming into contact with

the molten metal as far as possible
during the processing of the steel. All
the usual ramming or spraying compounds,.
fibrous concrete or pure fibre matting
are suitable ‘for use as fireproof lining
materials.,




Fig.6

The cover is raised hydraulically
that the ladle can be set up at the
>cessing station by the pouring crane.
e hydraulic fluid used is water-gly-
lic based and non-combustible. The
pport frame for the ladle cover has
catwalk for sampling and temperature
asuring purpose.

Example of an Existing Plant: Fig.6
>ws a complete plant, consisting of
injection vessel, a delivery unit

th two containers, a dust extraction
Lter, a lance guide, a ladle cover
imected to the exhaust powder extract-
1 system, ' a holder for spare lances
:. Although these secondary compo-
its might seem relatively unimport-

:, they are.in fact vital for the

ficiency and safety of any desulphuri-’

:ion plant.

Badly designed lance manoeuvring
iipment can allow vibration and thus
id to premature wear and tear on the
1ice. Badly matched cover and dust
craction systems tend to encourage
sel deoxidation and nitrogen pick up.

The next two illustrations show
lten steel in the ladle during
»cessing.
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Fig.7 .

Fig. 7 shows the surface of molten
steel during the injection process. It
gives a clear indication of the low free
board at which this steelworks is able
to operate, thanks to our equipment
needing such a small quantity of gas
for transport purposes. This electric
steel plant.in West Germany (which has
three furnaces - two with 80 t and one
with 100 t tap weight) has a gas consum-
ption rate of less than 7 Nl/kg of solid
matter. ;

Fig; 8 reveals much the same chara-"

cteristics. The main advantages of our
injection technique are the low gas
consumption rate, which greatly contri-
butes to the economic efficiency of la-
dle desuthurization, and the extreme-
ly small "eye'", which means that the
surface contact between the metal bath
and the atmosphere is kept to a minimum
even when the ladle cover is not used.
This reduces reactions between the steel
bath and the oxygen or nitrogen.

Micro-alloying Plant

Using our injection technique -as a basis,
a plant has now been developed which
alloys up as well as desulphurize and
improve the oxide purity of the steel.
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injection plant,for example, is only -
one tenth of the cost of a vacuum plant.
It is also much more economical to rum.
One disadvantage is, however, that it

is not possible to reduce the hydrogen
content of the steel using the inject-
ion method.

Fig. 9 is a flow diagram for our
alloying plant, which consists of the
following main components:

1. The container with its unload—
ing device. .

C
Fig.9:
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The advantage of this alloying process 100
is that oxygen-affinitive elements ladle refractory material
.such as carbon, aluminium or titanium —_ chamotte o
can be added with a high yield and an N dolomite e
extremely high degree of accuracy ~— 80 N ®,
(10-13). S |
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‘this very successfully for alloying with 2
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following tolérance rates:

E.g.Aluminium +/-5 kg
Carbon +/-5 kg
Calcium silicate +/-5 kg
Micro-alloys +/-2.5 kg.




3. The distribution and delivery
system.

It is vital that the material
should be properly distributred
and dispensed if the weighing

equipment is to work accurately.

4., The injection vessels,which
are designed to empty their
contents into the melt, leave
no residue which might spoil
the next charge. The system is
designed in such a way that in-
jection can take place consecu-

/h-tively or parallel from the in-
jection vessels. This particu-
lar system was designed with
more than one injection vessel
‘because the customer required
the plant to be ready for in-
jection within two or three
minutes of the tap analysis
results - and thus the required
quantities of alloying agent -
becoming known. The use of more
than one injection vessel means
that the plant can operate in
parallel some of the time and
this helps to fulfil the custo-
mer's time requirement.

THE METALLURGICAL RESULTS

In addition to our plant systems for
ladle metallurgy, we are also able to
offer a wide range of metallurgical
know-how. The metallurgical and metallo-
graphical studies and experiments were
carried out in"steelworks belonging to
our parent company, Klockner-Werke AG,
(11,13,21-23) , which can be contacted
direct by customers seeking advice and
‘information. We are thus in a positiop
to offer an efficient injection system
and the appropriate metallurgical know-
how gathered during practical applicat-
ion of the system,

Desulphurization of steel

Fig.1l0 shows some of the operating data
compiled during steel desulphurization
with calcium compounds (21), The in-
fluence of the fireproof material of
the ladle is clearly visible. The basic
lined ladle achieves superior desulphuri-
zation results. These experiments were
carried out without using the ladle
cover. When the ladle cover  is used, it
is possible to achieve a desulphurizat-
ion rate of over 90%, since this almost
completely cuts out contact with the
atmosphere and the resulting reactions.
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conventionally produced in fire clay lined
ladles

lime / fluorspar mixtures injected into
fire clay ladles

lime /fluorspar mixtures injected into
ladles with .basic lining
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Apart from the reduction in the.
quantity of sulphur, the other factor
which exerts a vital influence on the
mechanical characteristics. of the final
product is the type and size of the sul-
phides.contained in the steel. Studiesd

_carried out by Klockner-Werke AG

indicate that manganese sulphide irclus-
ions are no longer found in steel with

a manganese content of between 0.3

and 1.5% when the sulphur content is
less than 0.008%(22). The Summenkenn-
werte K3 and K4 for sulphides in Stahl-
Eisen-Prufblatt 1570-71 are zero.Analy-
sis with a microprobe shows that the
remaining sulphur is present in the form
of oxide sulphides with cations formed .
by the elements calcium, aluminium and
manganese.

Oxide Purity

If slag - synthetic or blast-furnace
slag, for example - is injected instead-
of calcium compounds, the desulphuriza-
tion effect is accompanied by improved
oxide purity (22,23). Fig.ll shows ,
average values. for the relative Summen-
kennwerte K3 for oxides for various
groups of steels. The average K3 value:
for conventionally-produced cold. extru-
sion steels was taken to be 100%. The
carbon content-of the three qualities
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compared lay between 0,15 and 0.45%
(manganese content 1.0-1.5%) for carbon
and manganese steels and between 0,07
-.and 0.15% for the cold extrusion steels.
It is interesting to see that the impro-
vement in the grade of purity is at

its most striking in steel qualities
which have a relatively poor grade of
oxide purity in conventional production.
Here again, as in the desulphurization

- process, the influence of the fireproof
material of the ladle is clearly visible.
It seems that in the case of the alumin-
ium deoxidized qualities, the.continued
supply of oxygen from the acid lining
after the injection process causes
further alumina to be formed; which can
then no longer react with the injected
slag particles and. thus be flushed out
of the steel.

Micro-alloying

Fig.12 shows a comparison of the differ-
ent alloying techniques for various ele-
ments. It appears from this that the
yield for FEE alloying elements carbon,
silicon and aluminium is at its poorest
when they are flushed and gluminium is
at its poorest when they are flushed
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Kohlenstoff:

X=20015% bei Kohlenstoffgehalten < 0,30%.

X=20020%  bei Kohlenstofigehalten < 1,00%

Aluminium:

%=t 001% bei Aluminiumgehalten < 0060%
zB 0020% <[ Al] <0,040% *

Mangan

X,z *005% beiMangangehalten = 1,00%

Xz 0075%  beiMangangehalten <180%

Silicium

X,=20025% beiSiliciumgehalten £0.35%

Bor ,

§B= *0001% bei Borgehalten < 0,004 %
zB: 0,002% = [B] £ 0,004 %

VYanadiym

X,=0,015%  bei Vanadiumgehalten < 0,10%
2.B:0050% =<[V]=0,080%

=

itan
X, =2001%  bei Titangehalten<0,10%

2.B: 0,040% = [Ti] <0,060%
Fig. 12

into ‘the ladle in the conventional
manner. If these elements are added
under vacuum, the yield improves consi-
derably, whereby the extent of deviation
depends ofi- the accuracy of sampling and
chemical analysis (top secti;:g.

, Injection produces better results
than the conventidnal flushing methad
of the elements having a high affinity
to oxygen or a high vapour pressure

at the temperature of the steel (bottom
section). Elements which evaporate at
steel production temperatures cannot

be used for alloying under vacuum. For
these, injection is the only sgigpble
method.

According to the studies carried
out by Klockner-Werke AG, for e le,
the following deviation range can be
achieved for the individual elements
using the alloying system shown in Fig.
9.

Carbon

xg = +/- 0.015%
where the carbon content is ¥ 0,30%



xc = +/- 0/020%

where the carbon content is £ 1,00%

Alwiiiviiun - '
='0.01%

w ere the aluminium content is £ 0.,060%

e.g. AL = 0.02% ¥ 0.040%

We are able to guarantee these values
because our technique improves the yield
of the alloying elements so much. Where-
as the yield for carbon is between 60
and 70%/using the ‘conventional method
(addition during tapping), it increases
to 95% if .the carbon is injected. A
similar improvement in efficiency can
be observed when us1ng the same method
with aluminium:. Here, values of over
807% can be achieved. However, if the
chemical composition is to be adjusted
to such an exact degree, it is vital
that work at all stages of the process
be carried out cleanly and accurately.
The exact weight of the tap in the
ladle must be determined, for example;
there must be no,slag left in the ladle
from the previous charge and the oxidiz-
ing slag from the furnace should be held
back as far as- possible during tapping.

SUMMARY

The Klockner Stahltechnik system was
developed on the ‘basis of practical
experience gathered in the Kldockner-
Werke AG steelworks and from the thir-
teen plants 'already sold. It provides a
metallurgically and economically ideal
method of- desulphurizing molten steel
up to a ‘charge weight of 350 t, improv-
ing its oxide purity and adding oxygen-
affinitive alloys with optimum efficien-
cy and repeatablllty in the ladle.

'The system is constructed accord-:
ing to the principle of meccano-like .
unit construction, so that special de-
sires of our clients and local condi-
tions in the steel mills can -be accommo-
dated.
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